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STATEMENT OF FOCUS

Individually Guided Education (IGE) is a new comprehensive system
of elementary education. The following components of the IGE system
are in varying stages of development and implementation: a new
organization for instruction and related administrative arrangements;
a model of instructional programing for the individual student; and
curriculum components in prereading, reading, mathematics, motivation,
and environmental education. The development of other curriculum
components, of a system for managing instruction by computer, and of
instructional strategies is needed to complete the system. Continuing
programmatic research is required to provide a sound knowledge base for
the components under development and for improved second generation
components. Finally, systematic implementation is essential so that
the products will function properly in the IGE schools.

The Center plans and carries out the research, development, and
implementation components of its IGE program in this sequence:
(1) identify the needs and delimit the component problem area;
(2) assess the possible constraints--financial resources and availability
of staff; (3) formulate general plans and specific procedures for
solving the problems; (4) secure and allocate human and material
resources to carry out the plans; (5) provide for effective communication
among personnel and efficient management of activities and resources;
and (6) evaluate the effectiveness of each activity and its contri=-
bution to the total program and correct any difficulties through
feedback mechanisms and appropriate management techniques.

A self-renewing system of elementary education is projected in
each participating elementary school, i.e., one which is less dependent
on external sources for direction and is more responsive to the needs
of the children attending each particular school. 1In the IGE schools,
Center-developed and other curriculum products compatible with the
Center's instructional programing model will lead to nigher morale
and job satisfaction among educational personnel., Each developmental
product makes its unique contribution to IGE as it is implemented in
the schools. The various research components add to the knowledge of
Center practitioners, developers, and theorists.
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ABSTRACT

One hundred -children of 3- and 5-years of age were trained and
assessed individually on the concept of equilateral triangle at
three levels of attainmment. Group 1l was asked to visually inspect
geometric blocks which represented positive and negative instances
of the concept. Group 2 was given verbal orienting instruction that
called attention to relevant physical properties of the stimuli, along
with visual inspection. Group 3 was given free haptic play and
tactile-kinesthetic training with the stimuli to supplement visual
inspection. Group 4 hac a combination of manual activity and verbal
instruction to supplement visual inspection. Group 5 engaged in un-
related play activity (control). The amount of time for training

-was equalized for the various conditions.

A day after training had been completed each subject's knowledge
of the concept was tested at three levels: concrete, identity, and
classificatory. The concrete level required discriminating and
remembering positive instances of the concept. The identity level
required discriminating and remasmbering positive instances when those
instances were varied with respect to orientation and spatial context.
The classificatory level required sorting of positive instances of the
concept. Two sets of tasks were administered for testing: (1)
transfer of training using the training materials as test stimuli,
and {2) transfer of training .using two-dimensional representations
of geometric forms. Each task was scored for total number of correct
responses.

The results indicated transfer effects for both sets of tasks.
Training in Groups 2, 3, and 4 was significantly more facilitating to
each of the three levels of concept attaimment than training in Groups
1 and 5. Generally, the combination of manual activity and verbal
orienting instruction with visual inspection (Group 4) was the most
effective treatment condition. Five-year-old subjects performed signi-
cantly better than the 3-year-old subjects at each of the three levels
of attainment. Predicted age x treatment interactions were not found
to be significant at the designated level. However, on the concrete
task using two-dimensional forms and on the two identity tasks using
the training materials as test stimuli as well as the two-dimensional
forms, 3-year-olds performed better when aided by.a form of manual
activity while 5-year-olds performed better when aided by verbal ori-
enting instruction. Results of the study were discussed in terms of
theoretical and educational implications.
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Chapter 1

INTRODUCTION

For over ten years now, one of the main lines of investigation
at the Wisconsin Research and Development Center for Cognitive
Learning has been the study of the process by which concepts are
acquired, and the attendant internal and external conditions of
learning that facilitate acquisition. Through systematically and
carefully controlled experimentafion, it.has been possible to deduce
ﬁhe cognitive operations of coﬁcept learning, and, to date, a model
has been formulated which describes the various operations at
successively higher levels of inclusiveness and abstractness.

It is only befitting, therefore, that the present study, having
grown from these very efforts, should be concerned with identifying
internal and external conditions governing the early formation of_
concepts in children. The general purpose of the present study was
to investigate the relative effects of sensory-motor and of verbal
functions on concept learning in early childhood.

An overview of the model of conceptual learning and development
(henceforth abbreviated CLD model) provides. an appropriate framework
for the present study. The CLD model was formulated initially by
Klausmeier (1971) and refined by Klausmeier, Ghatala, and Frayer

(in press). Figure 1 represents the levels of concept attainment

£on
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and utilization as reported in theﬁmode;, and the relationships
between those levels. Four levels of concept attainment have been
identified: concrete, identity, classificatory, and formal. Each
successive level presumes mastery at an earlier given level. When

a concept has been attained by a child at either the classificatory
or formal levels, it may then be used to recognize supraordinate-
subordinate relationships, cause and effect or correlative relation-
ships, and may be used in understanding principles which in turn may
be applied to problem-solving situations. The term "concept' is

used here in designating a mental construct that an individual possesses.

Klausmeier, et al. ( in press) indicate that early learning of
concepts begins wiéh perceptual encounters of concrete objects and
events. Figure 2 shows the cognitive operations involved in acquiring
a concept at the concrete level. One or more perceptual encounters
with the same instance of a concept enables the.child to identify
that instance, usually a physical object although it might be a
representation of the object, as a distinct entity.and to discriminate
it from other objects. When the child attends to the same perceptible
instance, represents it internally and subsequently recognizes it as
the same instance, he attains a concept of that particular instance.

Thus, attaining the concrete level of a concept entails

attending to a perceptible stimulus, discriminating the stimulus from

other stimuli, and remembering the discriminated stimulus.

&
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Attending to a Perceptible

Stimulus

Discriminating the Stimulus Acquiring the

from Other Stimuli Concept Name

Remembering the Remember ing the

Discriminated Stimulus ————— =¥ Concept Name

Figure 2, Cognitive operations entailed in reaching the concrete level
of concept attainment (Based on Klausmeier, Ghatala, &
Frayer, in press.)




A second level of attaimment of the same concept is inferred
when the child can identify a particular instance as the same one
when the instance is in a different spatial context. This level is
distinguised from the prior one in ﬁhat the child not only discrim-
inates objects from one another, but he also generalizes various
forms of the object as the same. At this point the child has acquired

a concept at the identity level. Figure 3 shows the cognitive operations

entailed in acquiring a concept at this level.

Increased experience with concept instances soon enables a child
to respond to two or more instances of the same class as equivalent.
Figure.- 4 shows the cognitive operations entailed in reaching this level,

the classificatory level, of attainment. The operations at this level

are the same as the two lower levels with another operation being
incorporated. The child must now generalize that at .least two or more -

stimuli are equivalent in some way.

The bhighest level of concept attainment is inferred when the child
@\11 can discriminate the attributes belonging to a class. Additionally,

o s» he can name the concept and the intrinsically defining attributes.

oo, Having acquired these operations, the child attains a concept at the

formal level. Figure 5 shows the cognitive operations involved at

this level of concept attainment. As it is noted in this figure, a
child may infer the formal concept in either one of two ways: through

. cognizing common attributes from positive instances, or through
¢
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Attending to a Perceptible

Stimulus

A

Discriminating the Stimulus

from Other Stimuli

4

Remembering the

Discriminated Stimulus

Generalizing that Two or
More Stimuli are Different

Forms of the Same Thing

Acquiring the

Concept Name

¢ — — — —

-

Remembering the

Concept Name

Figure 3. Cognitive operétions entailed in reaching the identity level
of concept attainment (Based on Klausmeier, Ghatala, &

Frayer, in press.)




Attending to a Stimulus

y

Discriminating the Stimulus

from Other Stimuli

Remembering the

Discriminated Stimulus

Generalizing that Two or

More Perceptible Stimuli Acquiring the

are Different Forms of A Concept Name

the Same Thing

Generalizing that Two or

Remembering the

More Stimuli are Equivalent
———— Concept Name

in Some Way

vigure 4. Cognitive operations entailed in reaching the classificatory
level of concept attaioment (Based on Klausmeier, Ghatala,
& Frayer, in press.)




hypothesizing and evaluating of hypotheses.

‘\

In the present study, attention is focused exclusively on the
concrete, identity, and classificatory levels of concept attainment.
Children in the early childhood period are very likely to be engaged
in concept activity related to these levels, and the effects of
sensory-motor activity and verbal behavior (orienting instructions)
often prove to be influencing. It is noted in the CLD model, however,
that the chronological age at which concepts are acquired at successive
levels may vary, depending upon the nature of the concept and the
conditions of learning that an individual experiences.

Acquiring concepts at both the concrete and identity levels
imply various forms of sensory-perceptual activity--including seeing,
hearing, touching, etc. Analysis of the operations related to levels
of concept attainment "is sufficiently comprehensive to include motoric
experiencing of objects. . . The model postulates that attending,
discrimiﬁating, and remembering are involved in motor as well as iﬁ
perceptual [Visual] experiences with objects, or sensorimotor ex-
periencing . . . [Klausmeier, 1971, p. 2]." Not only does the model
of cognitive operations in concept learning and development make
provisions for sensory-motor experience at the nascent level of concept
attainment, ii acknowledges the instrumental function these experiencgs
have at the higher level as well. '"Thus, these forms of experiencing
are applicable to the attainment of identity and rudimentary classi-
ficatory concepts and also to the attainment of formal concepts of the
kind for which there are actual instances with intrinsic attributes p.2.
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Attending to a Stimulus-

Discriminating the Stimulus
from Other Stimuli

Remembering the
Discriminated Stimulus

Generalizing that Two or More
Perceptible Stimuli ave Dif-
ferent Forms. of the Same Thing

Generalizing that Two or More
Stimuli are Equivalent in
Some Way

Acquiring the
Attribute Names

Remembering the

Discriminating Attributes o .
minating £ Atcribute Names

the Stimulus

Hypothesizing a
Relevant Attrib-
ute

Remembering

Hypotheses ' ’ Cognizing Common]
) Attributes of ’
Positive In-
stances J
Evaluating

Hypotheses using

Positive and

Negative In-
tances

Acquiring the
Concept Name

Inferring the Remembering the
Concept Concept Name

Figure 5. Cognitive operations entailed in reaching the formal level of
concept attainment (Based on Klausmeier, Ghatala, & Frayer,
in press.)

ERIC

Aruitoxt provided by Eic:



10

Language or verbalization is also regarded as having an important
influence on concept attainment in the CLD model. Acording to Klausmeier,
et al. (in press) language experience enables the child to attain con-
cepts in the absence of perceptible instances. As is shown in Figures
2, 3, and 4, concept labels may be associated with attainment at any
one of the three lower levels pricr to the formation of a formal level
concept. So that while having labels for concepts and attributes is
prerequisite to attainment at the formal level, these labels may occur
at the concrete, identity, or classificatory level as well.

The pufpose of this study was to determine the relative effects
-0of sensory-motor activity and verbal orienting instruction on concept
attainment at the three lowest levels. Specifically, three basic

"
"questions were raised:

1. What are the effects of various combinations of visual
inspection, sensory-motor training, and verbal orienting
instruction on children's concept attainment at each of
three levels--concrete, identity, and classificatory?

2. How are the various combinations of visual inspection,
sensory-motor training, and verbal orienting instruction
in concept attainment related to age?

3. How are the various combinations of visual inspection,
sensory-motor training, and verbal orienting instr;ction

in concept attainment related to sex?

The concept equilateral triangle was selected for study. One
hundred children of ages 3- and 5-years were recruited from pre-school

and kindergarten classrooms. Each S was randomly assigned to one of

ERIC
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five treatment conditions. These included:
I. wvisual exploration
IT. wvisual exploration + verbal orienting instruction
ITI. wvisual exploration + free haptic activity + tactile-
kinesthetic training |
IV. wvisual exploration + free haptic activity + tactile-
kinesthetic training + verbal orienting instruction
V. control
Each experimental condition (with the exception of the control)
involved one of these forms or combinations of sensory-motor and
instructional input. The training materials consisted of 36 geometric
blocks, and the amount of time devoted in attending to these materials
was equaiized for all conditions. After a S had received one of the
five treatment or control conditions, his level of concept attainmént
was assessed at the concrete, identity, and classificatory levels.
The Wisconsin R & D Center tasks developed by Frayer, Klausmeier, and
Nelson (1973) and Klausmeier, Sipple, and Frayer (1973, in press) were

used to assess mastery of the concept of equilateral triangle at these

levels using two types of stimuli. The assessment stimuli consisted

of the same 36 geometric blocks as were used in training (near transfer),
and, in addition to this, two-dimensional drawings were used to repre-
sent these and other geometric forms (far transfer).

Examination of the three preceding questions provides a rationale
for undertaking the research reported herein. The first question was
raised for investigating the relative effects of type of training on
concept acquisition. It was intended to ascertain the most facilitating

o .methods of concept learning, whether it be visual, sensory-mctor or

ERIC
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verbal. As the reader will discover in Chapter II, very important
theoretical questions have been raised recently concerning the
relative effectiveness of visual and tactual (haptic, kinesthetic,
etc.) modes for gathering information about objects. On the basis
of conclusions reached in Chébter II, it was hypothesized for this
study that Conditions II, III, and IV would be relatively more
facilitating to early concept formation than Conditions I and V.

The CLD model holds that the effectivenéss of these various
influences depends on the level of concept attainment. Manipulative

experiences are seen to be more facilitating at the lower levels,

less facilitating at the higher levels. Thus, it was hypothesized

that motor-related activity as entailed in Condition III would be
more influential at the concrete and identity levels, while verbal
orienting instruction as entailed in Condition II would be more
influential at the classificatory level.

The second question deals with the main effect of age and a
possible age x treatment interaction. It was hypothesized that
the 5-year-—olds would perfoxm relatively better than the 3-year-olds
at all three levels of concept attainment. In addition, it was
expected that cenditions emphasizing motor activity would be more
helpful for the ydunger children than for the older children at
these levels. Conversely, it was expected that conditions emphasizing
verbal instruction and visual exploratory behavior would be more

helpful for the older children than the younger children at these

same levels.
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The third question was included for the purpose of examining
possible sex differences in type of training at each of the three
levels of concept attainment. No hypothesis, however, was entertained

with regard to sex differences.



Chapter II

"REVIEW OF RELATED RESEARCH

Sensory-Motor Foundations of Cognitive Behavior

How does the young child understand the nature of objects? The
proposition that sensory-motor functions underlie the child's under-
standing is not a new one to psychologists. Traditionally, infancy
theorists (Gesell, 1949; Halverson, 1937; McGraw, 1943) have claimed
that the child begins realizing the nature of objects by combining
visual impressions together with tactual and kinesthetic impressions.
This is said to occur in the.first months of infancy when the child
can direct his visual apparatus by grasping and manipulating ob-
jects, Pilaget (1952) claims that intersensory connections or
"schemata' form initially between vision and sucking, and later
between vision and prehension, touch, kinésthetic impressions. The
formation of these intercoordinated systems is deemed necessary for
intellectual development.

Whiie it always has been assumed that visdon is functionally
dependent upon touch as a means of gathering data about the world—--
least ever since the 18th century philcsopher Bishop Berkeley (1910)
proposed that the visual derives its meaning from the tangible--results
of recent experiments have brought this assumption under fierce attack
(Bower, 1966; Bower, Broughton, & Moore, 1970; Rock & Victor, 1964;

Rock & Harris, 1967). On the contrary, it has been recently argued
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that the sense of touch does not in any way guide or educate vision,
but that vision is totally dominant over touch. Bower's ekperiments,
for example, suggest that vision is well developed in the newborn child
and that it is the primary information source about size, shape, and
hardness of objects.

Still persisting are a number of unresolved questions of how
sensory modes, particularly vision and touch, might complement one
another's function in the pickup of stimulus iuformation. oOne question
eliciting considerable interest concerns the reciprocal relationship
of the visual and tactile organs in young children's perception. In
this section, major findings are summarized which bear on the relative
roles played by touch and vision in perceptual learning and development,
but first some working definitions appear necessary.

"Perception," functionally speaking, is simply the process by
whicl'.x we obtain direct, firsthand knowledge about the world. Information
of this kind 'is charineled through one or more sense modalities (e.g.,
sight, hearing, touch), so that objects around the organism can be
perceived in any combination of ways. There are a few terms that
have been a source of general confusion which refer to.some aspect of

"touch." One of these is haptic perception, a term which accounts for

sensory information derived by active manual manipulation of objects.

Another is tactual perception which refers to sensory information ob-

tained by passive means, without active manual manipulation (e.g., touch-

ing an object to feel its texture). And a third is kinesthetic percep-

tion, used in this context for denoting the input of sensory information
by passive arm and hand movements, such as occur when an experimenter
guides the hand of a subject over the path which defines a particular

o object (e.g., the perimeter of a triangular block). The reader is
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referred to a paper by J. Gibson (1962) who draws a number of careful

distinctions between active and passive forms of touch.

The Piagetian Perspective

In Piaget's theory (Piaget, 1951, 1952, 1954, 1966, Piaget and
Inhelder, 1967), sensory-motor activity is the most important govern-
ing factor in the formation of perceptual and intellectual structures.
Perceptually, the young child gathers information of the world through
the coordination of various centerings or "centrations'" (momentary
perceptual fixations) made upon some part of an object. Piaget
illustrates the significance of sensory-motor experience in early
perception:

When the hand is centered on some part of an object, such as one
of the angles of the cardboard triangle, it is obvious that the
perception of this part of the surface, closed towards the point
and open in the other direction, will automatically bring about

a movement in the open direction, towards other parts of the
triangle. . . But this same movement which will culminate in the
exploration of the remaining angles of the triangle, itself reacts
on the subsequent perception, since it 'transports' the data of
the previous perception and on discovering a second angle will
'transpose' the earlier relationship on to the later ones. Thus
the movement co-ordinates successive perceptions and constitutes
the sum total of transformations ensuring the transition from one
perception to another. . . From this standpoint there can be no
perception which is not incorporated in a complex of sensori-
motor activity [Piaget & Inhelder, 1967, pp. 38-39].

The dynamic psychic activity arising betwezen subject and object
has been a recurrent theme throughout the writings of Piaget. Knowledge,
from Piaget's viewpoint, is abstracted from actions involving objects
or their representation, from the coordination of actions through schemas,
and not from objects alone. Consequently, thé sensory-motor element
(either on an overt level or in terms of the interiorized schema) under-
lies much of perceptual activity and is the basis upon which spatial

Q
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notions are developed. When an object is removed from the child's
view, he must recreate the motor components.that produced the original
percept through‘internalized imitation (mental imagery).

While sensory-motor activity is central to Piaget's theory, his
discussions of it are generally confined to the first two years of
life, or the sensory-motor period. Beyond this, he is chiefly con~
cerned with the internalized representational aspects of preoperational
thought, and still later, with aspects of concrete operational thought
in which the child is no longer perception-bound. Occasional references
are made to the role of overt sensory-motor activity in the young child's
perceptual development. )

For example, Piaget and Inhelder (1971) cite a study in which
they asked children (4-6 years) to reproduce various kinetic si:qusaces
by manipulating two small 1 cm. cubes of wood. Each child executed
these movements by retracing the path of the objects after (a) per-
ceiving the sequence visually,and (b) perceiving the sequence by
tactile—kinesthetic means (visual control).. In the tactile-~kinesthetic
condition, the child's hands were guided by the experimenter along the
object's path, which was done behind a screen.

Overall, the results were that reproductions were better in the
tactile-kinesthetic cﬁndition than in the visual condition. At 4-years,
tactile-kinesthetic series scores were much higher than the visual
series; but at 5-years, the éeverse was true, with the visual series
écores being higher than the tactile-kinesthetic series. And at
6-years, performances in the two conditions were equalized.

It was concluded that, for 4-year-olds, tactile-kinesthetic

perception produces better motor reproduction than visual perceptlon,
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either because visual structuring is deficient at this age, or because
there is a temporary lack of coordination between vision and gestural

motor functions.

The Soviet Perspective

Soviet psvchologists have emphasized for a long time the role
of sensory activity and motor processes in perception. In the Soviet
system (as reviewed by Brozek & Slobin, 1972; Chalfant & Scheffelin,
1969; O'Connor, 1961; Pick, 1964; Rahmani, 1973; Simon, 1957; Zaporozhets,
1958, 1965; Zaporozhets & Elkonin, 1971), perception is said to mirror
the world, and the sense organs are tused to obtain information by
active exploration of objects in the environment. Furthermore, according
to this motor "copy'" theorv, tactual-kinesthetic information is hypoth-
esized to be more basic to young children's perception than visual
information. Direct motoric interaction with objects is seen to be
a decisive factqr in the child's perceptual development, insofar as
being able to respond to the various properties and characteristics
of objects.

Ccnsistent with this view are the experiments of Zinchenko and
Ruzskaya (as reported by Yendovitskaya, Zinchenko, and Ruzskaya, 1971),
in which preschool children were asked to become familiar with flat
figures of irregular form. The children were assigned to one of four
experimental conditions: visual exploration, tactual exploration,
visual exploration and tactual exploration, and practical activity
(i.e., activity involving the placement of the figures into apertures).
The effects of these various conditions of sensory activity were

measured by recognition of a previously perceived figure among
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unfamiliar ones, either by visual means or by tactual means. Results
indicate that children perform better through practical manipulation

than through a purely sensory form (visual or tactile) of familiarization.
Only in the case of older children (5-years) were the results of visual
activity (i.e., actions of the eyes) comparable to recognition perfor-
mance via practical manipulatory activity.

In another study, Jakobson (in Yendovitskaya, et al., 1971) investi-
gated object form recognition in preschool children of 2- to 4-years.
Performance was found to be better on the recognition task when the
S was presented with an object haptically and asked to visually locate

it among other objects in an array, rather than being presented with
the object viswally and asked to locate it manually. It was concluded
on the basis of this particulaf study. that tactual perception of form
develops earlier in the preschool child than visual perception. While
tactual perception in the young child can be accomplished without visual
assistance, it is contended that tactual activity is a requisite for
visual perception of form. It should be noted, however, that tactuakl
perception as it is used here actually pertains to haptic activity.

Summarizing some of these findings, Yendovitskaya, Zinchenko, and
Ruzskaya (1971) conclude that activity of the hand performs an essential

_function in the development of visual perception, "although not as an
organ of tactility, but as an organ of activity with objects [p. 47]."
Elsewhere, Zaporozhets (1958) reports ontogenetic changes obtained
by Soviet investigators in the orienting activity of children. These
experimental findings indicate a transition from tactile-motor to visual
orientation as a means of familiarization with new objects. Touch and

manipulation decreased from 447 and 26% of the cases studied in children
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3- to 4-years, to 217 and 147 of the cases in children 6-7 years;
at the same time visual activity increased from 30% to 657 for those
same cases studied. Also, it was found that older children still
rely quite heavily on sensory-motor forms of familiarization when new
objects encountered are of a complex nature";visual examination alone
thus being an inadequate means of registering stimulus information.
Other findings described briefly by Zaporozhets (1958) relate to
the effects of‘trainingé These experiments show that tactile~kinesthetic
training produces relatively better results in object familiarization
for younger children (3-4 years), whereas training by imitation (i.e.,
following actions being demonstrated) produces relatively better results

for older children (6-7 years).

Other Perspectives

Aside from Piagetian and Russian perspectives, there have been
a number of other theorists who claim that sensory-motor functions are
basic to early cognitive functioning.

For example, Werner (1948) has postulated that the organism in
the course of development progresses from sensory-motor contact with
the world, entailing concrete manipulative experiences with objects,
to a level of perceptual organization of objects and their properties,
to a level of conceptual-symbolic behavior involving manipulation of
symbols. The coordination of physical activity or movement and Sensory
impression is said to be important at the initial level.

Bruner (1964) similarly describes the emergence of representationuzl
systems which are necessary for dealing with a complex enviromment.

According to Bruner, there are three of these systems or modes of

O
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representation: The first is an action schema enabling the child to
understand his world on a concrete basis (enactive); this is followed

by the development of an imagery system (iconic), which in turn is
followed by a verbal or symbol system {symbolic). More recently, Bruner
(1973) has examined the constituent parts of these action schemas.

There have been numerous experimental investigations devoted to a
test of the hypothesis, stated in one form or another, that the motor
process (e.g., tactual or haptic behavior) is central to the acquisition
of knowledge in young children. Appealing as the proposition may be,
little empirical support has been offered in its defense. For example,
thgre is presenfly very little evidence indicating either its centrality
or contribution in early childhood perception (e.g., in object form
recognition).

In one of the few supportive studies, Denner and Cashdan (1967)
tested form recognition in preschool children under three conditions of
sensory input: visual only, visual and haptic, and visual and tactual
with the object (hexagon, cross, square, or triangle) encased in a clear
plastic ball. 1In the test of recognition, Ss were asked to pick from an
array of objects the object which #hey had previously experienced under
one of the three conditions. Recognition performance in the visual-
haptic and visual-tactual conditions was superior to the visual condi-
tion. The authors concluded that the facilitative effect was due to the
amount of concrete activity involved, since performance through visual-
haptic and visual-tactual means was equally good. It should be noted by
the reader that while the authors refer to the term “tactual" for the
third condition, there was actually no tactual activity being employed

since the object had been encased.
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In two recent Wisconsin R & D experiments, Wolff (1972) investiga‘'ed

the effect of haptic exploration on visual recognition of nonsense forms
by children 4- to 7-years. In the first experiment, half of the Ss

from each age group were allowed optional haptic activity while
visually inspecting the stimulus figures; the remaining half of Ss

were not permitted to touch the figures. éubjects in the visual

and haptic conditirn, who voluntarily engaged in haptic activity,

took fewer trials in reaching criterion on a repeated exposure-test
recognition task, as compared to Ss who were engaged solely in visual
inspection. The difference between conditions was also found to
decrease with age.

The second experiment was a modification of the first. Four-
year-old Ss were assigned to one of three groups: a visual condition,
a visuali and haptic condition with hapﬁic activity being required,
and a touch condition in which the S was required to touch two edges
of each figure using the fingers of both hands. On the recognition
test, the visual and haptic condition proved to be more facilitating
than the visual condition, which in turn was more facilitating than
the touch condition.

Negative results hav; been reported in a host of other studies.
Cashdan (1968) studied form discrimination in adult Ss under four
conditions of differing sensory input: visual-visual, haptic-haptic,
visual-haptic, haptic-visual. Two comparable sets of "ﬁonsense forms"
were used as stimuli, one for visual presentation and the cther ion
haptic presentation. Résults showed that the visual-visual conditicn,

for which Ss were asked to visually inspect the stimuli and perform the

" subsequent discrimination task visually, was most conducive . learning.
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The authors concluded that haptic form discrimination in adults is
inferior toc visual form discrimination.

In another study, Deleon, Raskin, and Gruen (1970) investigated
the integrated effect of both visual and tactual cues in preschool
children with amphorous shapes. This combination of visual and
tactile modes however did not result in any better recognition
performance than the use of the visual alone. Balter and Fogarty
(1971), as well, have found the quality of the visual modality equi-
valent to the visual with tactual.

Millar (1971) tested 3- to 4-year-old children on delayed visual
and haptic recognition of amphorous shapes under various combinations
of sensory input. The visual cpndition proved to be superior to the
haptic in intramodal, crossmodal, and concomitant comparisons. For
tlie 4-year-olds, added visual cures improved haptic recognition, but
added haptic cues did not improve visual recognition, suggesting that
the visual modality is dominant.

Butter and Zung (1970) reported findings in which visual performance
on a recognition task using 3—dimensional‘forms was equivalent to bimodal
performance (visual and haptic). The authors pointed to the need of
using younger Ss since, in their study, performance under the bimodul
condition did improve gradually with increasing age in children 5- to
8-years. Elsewhere, Pick, Pick, and Klein (1967) found visual-visual

matching to be superior to tactual-tactual matching as well as to cross-

~ modal matching. E. Gibson (1969) has argued that the weight of the evi-
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dence seems to indicate that the visual modality facilitates touch per-
ception, rather than the other way around.
Psychophysical experiments also have found no supportive evidence

that motor-related behavior is a primary information source. Rock and
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Harris (1967) examined the assumption in a series of such experiments

by presenting contradictory information between vision and touch. In

one of their investigations, naive adult Ss were asked to give their
impressions about the size of a square solid while viewing the object
through a lens which produced a smaller retinal image. In addition

to viewing.the square through a reducing lens, each S was able to grasp
the object with his hand beneath a piece of cloth. The S's impression
was assessed by either drawing the size of the square as accurately

as possible with the aid of vision and tcuch, picking out a matching

square from a series of squares presented visually, or picking out a
matching square from a series which could be grasped. If the hypothesis
held true, then the S would realize that he was seeing an aebject of one
size but actually touching an object that was much larger. The results,
however, indicated that in each case the Ss were unaware of the conflict
existing between vision and touch; the impression made through touch
conformed to the illusory visual impression of the square.

Similarly, in an experiment on shape perception, conflicting
sensory information was presented between vision and touch. Ss were
agked to look at objects through a cylindrical optical device which
made things appear narrower. Thus, while the S was looking at an
object which appeared fo be a reétangle, he was actually touching a
square. Again, however, the square felt the way it looked. In the
two experiments, touch had no effect on the perceived size or shape
of the object.

Discrepancies among the above studies must be reconciled, and
so a few cbservations seem warranted at this time. The first obser-
vation concerns the actual role played by the hand in studies <Jemon-

strating a facilitation in visual recognition. Abravanel (1472),

- - - - - - . -
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Weiner and Goodnow (1970) have recently suggested that facilitation

may have been due to the '"performatory" role played by the hand

rather than to a "perceptual" role. Various forms of manipulative

activity may help orient objects for visual shape perception. The

hand therefore daes not function as an information-gathering source
in itself, but only helps direct and maintain visual attention.

Sec6ndly, the nature of motor activity is a very important
consideration, since failure of many studies to find a facilitating
effect can be traced to the kind of manual activity being employed.
In unsuccessful studies, explorative movements are usually performed
quite freeely over the object for a fixed period of time without any
specific exercises being prescribed. if manual activity is to be
effective, it must be intense and thoréughgoing so as to force the S
to attend to all features of an object (witness the 'practical" exercises
imposed by Soviet researchers and the curriculum practices of Montesorri,
1964).

Another important factor concerns the visual recognition tasks
that have been often used as measures of perceptual learning. In
many of the studies, a test series is constructed in such a manner
than the target item always appears in its familiarly seen context.
For example, a triangle is always presented with its base parallel
to the S who is viewing it. To the best of the writer's knowledge,
few studies have sygtematically varied the spatial context or orient-
ation in which a figure appears and thereby required the S to make

‘an identification. [Presenting & target item of the test series in
an uncommon perspective may help activate certain sensory-motor

schemes that reconstruct the item in its more standardized form.
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The tagks which were used in the present study based upon those de-
valoped by Frayer, Klausmeier, and Nelson (1973) and Klausmeier, Sipple,
and Fraver (1973, in press) are specially suited for testing visna?
recognition when the target item (i.e., a concept example) is put
into a different spatial context.

Still another relevant aspect is the age factor. Where previcus
investigations show motor facilitation, It usually comes about only
in the youngest preschool children. Older children (Butter & Zung,
1970) and adults (Cashdan, 1968) presumably depend on visual infor-
mation and need very little manual actrivity. But for voungsr [hIidven,
"touch"” may be an important means of sensitizing oneself to the pro-
perties and qualities of unfamiliar objects. In the prescnt study,
this relationship is explored further by stratifying Ss in the¢ sample
according to age. One-half of «the Ss drawn were 3-year-olds while
the other one-half were 5-year-olds.

The role of sensory-motor activity has yet to be carefully
studied within the context of concept learning and developnment,
Nevertheless, the position taken by Klausmeier, et al. (in press) i3 that
sensory-motor activity is facilitative in the order of cencrete, identi'y
and classificatory levels, This is because ;gﬁng children can acquiy

concepts at these levels buf cannot use language well enough either tc

_comprehend events or represent these events internally. Manipulative

experiences are held to be more facilitating at the concrete level than
at the identity level, and, in turn, to be more facilitating at the
identity level than at the classificatory level--because of the rcliance
on sensory-motor experiences at earlier levels. As the child accuires

command of the language and also of successively higher levels of councept
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attainment, particularly at the classificatory and formal levels, he
operates increasingly on a conceptual basis and less so on a perceptual
orie. When this occurs, language or the verbal (instructional) process
becomes dominant and thus supplants sensory-motor functions. There-
fore, one would expect motor-related activity to show its greatest
influence at the lowest levels of concept‘attainment, namely at the

concrete and identity levels.

Verbal Foundations of Cognitive Behavior

The verbal process has been often overlooked as an important
avenue for obtaining knowledge about the world. Piagetian psychol-
ogists, for example, have always insisted that cognitive behavior
is regulated by sensory-motor functions (either overt or covert),
and is not controlled in any direct way by language activity (Furth,
1966, 1971, 1973; Piaget, 1926, 1963, 1967; Sigclair de Zwart, 1966,
1969). In contrast to Piagetians, a long tradiEion has been established
in Soviet psychology, dating back to the early experimental investigations
of Vygotsky (1962) and evidenced in the more recent researches of Luria
(1957; 1961; Luria & Yudovich, 1968), stressing the importance of
speech or language in regulating the child's perceptugl acts and attention,
as well as in regulating most other higher forms of complex intellectual
behavior. 1In fact, from the Soviet viewpoint sensory-motor activity or
direct interaction with the world is later overshadowed by higher mental
processes associated with language. Verbal learning gradually replaces
sensory-motor learning.

This characterization of ontogenesis finds its origin in Pavlovian

terminology. Pavlov (1955), the great Russian physiologist, was the
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to explicate a eritical distinction between two signaling systems
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of the organiam. The {irst gystem of signals, which is common to both
wan and npipal, siseais veality tiirough the visual, auditery, and cthex

ceceptor organs. The second system of signals, species-specific to

~

mi, represents a signaling of the first system or the sensory-motor

by means of speech or language. Once the basic links (first signaling
system) have been established--those that regulate the organism's
relationship to its envifonment through conditioning--new links become
formed by using other intermediary links based upon language. ''Those
are tiie links that are incorporvated duoto man's orienting acuiviiw, Lhat
abstract and systematize the signals aeting on the organism, and inhibit
its diregt—impuise reactions [Luria, 1961, p. 431." The formation of
verbal links is also what removes man from the direct influence of a
givent stimulus situation.

In order to gain some appreciation for this view of how verbal
functions regulate.psychic growth, one must begin by examining the
Rugsian conception of the child's social development (e.g., sce
Bronfenbrenner, 1972

. The child's mental activities are said to be

shaped from the very beginning by his social relationships with adults

:
3

a major role in this developmental pruocass

Consequentiy,
since, by its very nature, language is the most predominant form of
social intercourse and intercommunication with adults. By naming
various surrounding chjects and by defining properties and relaticns

of these objects for the child, the parent and teacher shape the chilid's
behavior. This adult influence is important to the whole process of

transmission of knowledge and to the formation of concepts in the child.

-

Without adult influence, the child's wmental activity would net develop
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to the same degree of complexity if left to individual experience. The
following is descriptive of how this "shaping" process takes place:

When a mother shows a child something and says ''cup,'" first
her pointing and then the name of the object cause an essential
modification in the child's perception. By the laws of temp-
orary links, the mother's gesture and the word designating the
object become secondary signals causing marked changes in the
range of stimuli acting on the chiid. In isolating the object
from its environment, the action of pointing reinforces the
stimulus, making it a figure set in a ground. The word des-
ignating the object delineates its essestial functional properties
and sets it within the category of other objects with similar
‘properties; it serves a complex task of analysis and syn-
thesis for the child, and later settles into a complex
system of links acting on him and conditioning his be-
havior [Luria, 1961, p. 19].

Through communication with adults the child begins to actively
name objects in his world and thereby acquires a system of language.
Naming assists in the direction of his attention and in the organi-
zation of his perceptual acts. As Luria describes the evolutionary
change:

It is obvious to any observer that a child not only
watches his mother's index finger but soon begins to use

his own to mark given objects off from the environment;

not only does he perceive the words he hears, he soon

. begins actively naming objects. And this is what becomes

the main factor in his further mental development. He

makes his own use of all the principal relationship-

techniques that had earlier proceeded from adults [Luria,

1961, p. 20]. ‘

Thus, the word performs a very central function. It indicates
not only a corresponding object in the world, a referent, but also
serves as a means of abstracting, isolating the signal, and general-
izing perceived signals and relating these to certain categcries.
Furthermore, the word which is linked to the perception of an object
helps to isolate that object's essential features (Luria & Yudovich,
1968).
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When the child begins to actively use the names he learned
through social contact with adults; he becomes capable of modifying
the enviromment which had previously influenced him; he now becomes
capable of reguléting his own behavior. "Repeating the verbal
indication of an object, he places it amongst other directly perceived
things and makes it the object of his own complex active attention
[Luria & Yudovich, 1968, p. 14]1."

Simple experiments reported by Luria (1961) show that it is
possible to alter the relative salience of elements in complex
visual stimuli by means of language. In one experiment, for example,
children as young as 3- and 4-years were presented red and green
colored airplanes against gray and yellow backgrounds. This task
requirés a child to squeeze a bulb with his right hand when a red
airplane appears on a yellow ground and to squeeze another bulb with
his left hand when a green airplane appears on a gray ground. Typically,
the yellow and gray backgrounds serve as the weaker element in the
visual compound. However, when the children are given verbal instruction
that are meaningful (e.g., ''the plane can fly when the sun is shining
and the sky is yellow" or "when it's rainy the plane can't fly and has—
t.. be stopped"), they react to the supposedly weaker element, the back-
ground, rather than to the figures._ In other words, the physically
weaker component takes on the property of "first signal." These experi~
ments demonstrate that verbal instructions can significantly affect o
re~shape one's perception of things, and under optimal conditions can be
achieved in very young children.

Another experiment cited by Luria (1961) also illustrates how

language can be a basis for elaborating visual configurations. 1In this
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particular study, children between 3- and 7-years of age had to press

a button with their right hands when a triangle appeared, an& another
button with their left hands when a square appeared. After reaching cri-
teria by developing the specified reactions to the two figures, the exper-
imenter then presented other control figures consisting of triaﬁgles and
quadrilaterals of varying sizes and shapes. 1t was found that all children

experienced difficulty in making correct generalized reactions to the

perceived figures. Only when the task was thoroughly explained and
when the figures were routinely named as they appeared did the children,
ages 5 to 7, produce the right reactions.

In another closely related experiment, Luria reports that children
even as young as 3—.or 4-years can make the correct reactions. However,
it can be done only if the child is trained beforehand by taking hold
of the objects and manually exploring the contours, by.counting angles,
and by naming tﬁe objects accordingly. The "result was that these
actions inhibited impulsive response to immediate impressions, and
made it possible for generalized behavior pattevns to be formed in
children three or four years old [pp. 31-32]." Although details of
methodology are rather sketchy, these experiments again demonstrate
that the verbal process is an important basis for regulating the young
child's perceptual acts.

Continuing with this Soviet line of research, a host of other
informative studies can be found which concern the ragulative role of
verbal instruction in cognitive developmental behavior. Luria and
Yudovich (1968) report extensively on an intervention study they
undertook with identical twin boys who, like many twins growing up

together, Wwere retarded in overall language development. At 5-years
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of age both children were separated from the "twin situation' and placed
in parallel groups in a kindergarten, with one child being given a

total of nine months of supplimentary individualized instruction.
Lessons for the one child were geared so that he was encouraged to

answer questions, repeat phrases, describe pictures, relate stories, and

to name objects. The second child served as the 'control" twin.
Language and general mental development of the twins were checked after
three months time and again after ten months.

Separation made it necessary for the twins to develop their
language system since non-verbal forms of communication were no longer
sufficient. Substantial improvements were detected in the function
and grammatical structure of language as early as three months after
separation for both the control and the trained twin, although the
twin who was specially trained showed better improvement than the control.

More significant, however, were the improvements observed in the
children's mental devélopment. Preliminary investigations noted that
the twins would engage only in primitive play octivity which lacked
meaning and a comprehensible content to adults. Rules of a game (e.g.,
lotto) were inaccessible to the twins, nor could they develop play
activity that had been verbally formulated. Constructional activity
had also been lacking. The twins were formerly unable to im}tate or
represent other drawings in their own drawing activity. Furthermore,
they had not developed classificetory skills at their age; they could
not group common objects but instead would arrange them together, oue

after another, without an operational scheme.
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As a result of intervention, marked changes had taken place. Play
activity became more objective and meaningful. The twins were now able
to understand the rules of play as well as to carry out projects which
were verbally formulated. Drawings became more goal-directed, differ-
entiated, and objective. Classificatory skills alsc began showing
notable improvement.

Although both twins benefited from intervention, inter-pair
differences existed between them. The child who was given suppleméntary
lessons performed better in visual analysis of drawings having anomalies,
showed more elaboration of detail while relating a story, and had a
more highly developed classificatory scheme. On the latter point, the
trained child could classify with the aid of language (e.g., by placing
a toy sailor together with a toy boat), while the control chiid could
only classify on a perceptual basis (i.e., according to color and form).
Again, the results of Soviet experiments indicate that language can
substantially alter perceptual-cognitive behavior in young children.

The verbal process is also seen to be a powerful guiding factor
in the formdtion of concepts. According to Vygotsky (1962), the word
performs an indispensable function in two areas of a child's concept
development: (1) Thinking in 'complexes''--grouping diverse objects
under a common label, and (2) Formation of ”potential concepts''--
abstraéting common attributes among objects.

Russian educational psychologists have studied rather extensively
the regulative role of latguage in children's concept learning (see
Simon & Simon, 1963). Zankov (1963), for example, carried out a séries
of observational and experimental investigations to study mastery of

knowledge in primary school children through verbal means. The specific
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purpose was to ascertain the most effective methods of combining the
verbal and visual when teachers present new materials to school children,
and to assess the effectiveness of these pedagogical methods. Two forms

of combiniag the verbal and visual wer2 of particular concern: (1) The

use of the teacher's words in directing children's attention toward
physical properties of a given object, whereby knowledge is acquired
through the visual process and the verbal acté solely as a guide;

(2) The use of the teacher's words to impart knowledge of the physical
properties of an object, with the visual process serving only as a
reinforcer to concretize the verbal exposition. The effectivuencss of
these two approaches was examined in a classroom setting with the admin-
istration of elementary science lessons. It was found that the first
approach, visual learﬁing with verbal direction, showed greater efficacy
as measured by the total number of correct answers given to questions
after the lessons.

Further experimental investigations were conducted in order to
shed more light on the abecve findings. Primary school children were
presented a task of differentiating between physically similar ohjects
after being given preliminary verbal instruction either in the form of
a general indication or in the form of a reinforcement. Becausc of
lack of clarity and ééme ambiguity in the data that are reported, whiih
may have been a consequence of translation, results of this series of
investigations are not summarized here. However, it is concluded rn
the basis of these investigations that in itself the word is not as
"omnipotent" as sometimes believed, that slight variations in the

character of the teacher's verbal instructions can drastically affect
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school children's mastery of knowledge. The word does not always
produce the desired generalization of an object's properties for children.
Thus, it "is necessary to use those fprms of combination of the verbal
and visual which show higher effectiveness in relation to the given
school work and to use them in specific conditions [Zankov, 1963,
P. 256].”.

To summarize, a number of studies have been reviewed above
which indicate that the word is often a powerful agent for re-
gulating children's cognitive acts. Although Soviet research is
not the only line for investigating the nature and function of the
verbal process, it, nevertheless, represents the most concentrated
research effort in this area of scientific inquiry. The implications
in the present study are readily apparent. First, in view of results
of Luria's (1961) experiments, verbal instructions can indeed influence
a young child's perception of complex visual stimuli, even as young
as 3- fo 4-years of age. This has rélevance for the concrete and
identity tasks used in the present study, since these two tasks re-
quire young children (3- and 5-year olds) to visually recognize
geometric forms on the basis of distinguishing features. Consequently,
the treatment conditions which emphasize verbal instruction are expected
to facilitate children's performance on these two tasks.

Secondly, results of the intervention study reported by Luria and
Yudovich (1968) would also ipdicate that verbal instructions can be
a facilitating influence on classificatory behavior. As has already

been noted, supplementary verbal instructions for the trained twin
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enabled him to classify objects at a much higher conceptual level than
the control twin who did not have the benefit of these instructions.
Therefore, the treatment conditions which emphasize verbal instruction
are also expected to facilitate performance on the classificatory

task used in the present study, at least insofar as the 5-year-old
subjects are concerned.

Thirdly, the combination of the verbal and visual as reported
in Zankov's (1963) investigations has an important bearing on the
present study. In general, Zankov observes that verbal instructions
show their greatest influence on children's mastery of knowledge when
they are used to aid or direct visual activity, rather than when they
are used in verbal exposition (i.e, in defining concrete objects).

As a result, the verbal treatment conditions of the present study have
been primarily designed for guiding or supplementing the subject's
visual activity. That is, verbal instructions are intended to direct
subject's attention to the features and to the defining characteristics
of concept examples and non-examples.

Klausmeier, et al. (in press) view language as an increasingly
powerful variable at successively higher levels of concept attain-
ment. According to the CLD model, as the child achieves successively
higher levels of a concept, particularly at the classificatory and
formal levels, he operates increasingly on a conceptual basis and also
uses words to represent his concepts. Inasmuch as the child comprehends
the meaning of words, the effects of verbal orienting instruction are

predicted to increase. According to Klausmeier (personal communication)
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‘the CLD model implies that the higher the level of concept attainment

the lesser are the relétive effects of sensory experiencing (i.e., sensory-
motor and visual behavior), and the greater are the relative effects of
verbal behaviors, that is naming and generalizing that diffevent instances
belong to the same class based on abstracted properties of these instances.
Verbal instructions which teach the names of concepts and their

attributes should facilitate conceptualization.

Summary. A survey of the literature above has shown that both
sensory-motor and verbal functions represent an important aspect of
cognitive behavior. On the basis of this background literature,
it may be possible to predict the outcomes of sensory-motor training
and verbal orienting instruétion on the attainment of concepts at
successively higher levels. Concept learning and development consti-
tute an important aspect of cognition, and, thus far, have received
very little attention in terms of the internal conditions which might
facilitate the acquisition of concepts.

From the perspectives of Soviet cognitive psychologists and the
CLD model, one might expect sensory-motor behavior to be more instru-
mental in the process of attaining concepts at the lower levels (e.g.,
concrete and identity) and verbal behavior to bevﬁore instrumental at
the higher levels (e.g., classificatory and formal). A child who
achieves successively higher levels of the same concept will depend
increasingly on the mechanisms of language for obtaining pertinent
information about the defining attributes of objects, events, and

processes. From both the Soviet and CLD viewpoints, language is more
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closely assoclated with complex forms of conceptual activity than
sensory-motor behavior.

It is not, howevér, so easy to make predictions of the outcomes
of sensory-motor training and verbal orienting instruction on concept
attainment from the standpoint of Piagetian theory. Piaget's theory
seems to have tapped another aspect of the cognitive spectrum, one
which is quite different, for example, from the CLD model. While
Piaget has studied concepts in his own way rather extensively.and
has even included the term (i.e., '"concept") in many of his published
worke, he has been essentially concerned with logico-mathematical
strategies and achievements, not in the acquisition and organization
of knowledge or what is sometimes referred to as ''physical' or 'fig-
urative knowledge." 1In spite of the difference in orientation, Piaget
has made his views known about the role of sensory-motor functions and
verbal functions in relationship to intellectual development. Sensory-

motor activity is said to be the basis of intellectual development while
verbal activity is claimed to be indirect and léss important. Evén when
Piaget or interpreters of Piagetian theory (e.g., Furth, 1969; Ginsburg
& Opper, 1969) have occasionally admitted that verbal behavior might
assist intellectual development, it has never been spelled out quite
clearly how this might happen.

In view of the literature and varying theoretical viewpoints that
have been presented, it was predicted in the present experiment that

verbal orienting instruction would be a more powerful variable in

attaining successive levels of the same concept, particularly when
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combined with sensory-motor or manual activity. In particular, Conditions
4 and 2 were predicted to have a relatively greater effect than Condition
3. Furthermore, visual activity (Condition 1) and unrelated play behavior
(Condition 5) were predicted to be least facilitating of all conditions.
Five-year-old Ss were, of course. predicted to do better than 3—ye;r—old
Ss in each of the conditions. Three-year-olds were also predicted to

do better when engaging in a form of sensory-motor or manual activity,

while 5-year-olds were predicted to do better when given verbal orienting

instruction.



Chapter IIIL

EXPERIMENTAL METHOD

The purpose of this experiment was to ascertain the relative
effects of certain forms and combinations of sensory-motor activity
and verbal orienting instruction on early concept formation. The
concept identified in the present study was that of equilateral
triangle which can be defined on the basis of perceptible attributes
(i.e., three equal sides and angles). The specific questions raised
in this experiment were the following:

1. What are the effects of various combinations of visual
inspection, sensory-motor training, and verbal orienting
instruction on children's concept attainment at each of
three levels--concrete, identity, and classificatory?

2. How are the various combinations of visual inspection,
sensory-motor training, and verbal orienting instruction
in concept attainment related to age?

3. How are the various combinations of visual inspection,
sensory-motor training, and verbal orienting instruction

in concept attainment related to sex?
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Subjects

One hundred children of ages 3- and 5-years were recruited for this
experiment--50 Ss at each age level. The 3-year-olds were drawn from day-
care centers of Child Development Incorporated in the vicinity of Madison,
Wiscopsin. Five-year-olds were taken from kindergarten classrooms of
Kegonsa Elementary School in Stoughton, Wisconsin. The mean age of the
3-year-old Ss was 3.6 years; mean age of the 5-year-olds was 5.8 years.

Subjects were first stratified duringlthe selection procedure according
to age and sex and then randomly assigned to one of the five treatment
groups. Consequently, there were five boys and five girls trained and

assessed in each age x treatment condition.

Experimental Materials

Training Materials

The stimuli used to train Ss in treatment conditions I-IV were 36
wooden blocks. These blocks were used in previous Wisconsin R & D studies
by Frayer, Klausmeier, and Nelson (1973) and Klausmeier, Sipple, and
Frayer (1973, in press). The blocks varied along four dimensions: shape of
surface area (equilateral triangle, right isosceles triangle, or square),
color (blue, red, or yellow), size (large or small), and thickness (thick
or thin). It should be noted that the blocks themselves did not conform
to equiléteral triangles, right triangles, or squares--only the edges
of the surface areas had such shapes. Specifications for the geometric
blocks are given in Table 1. No indication of the block number was made on
the block itself; the designation of numbers was made only for the

convenience of the E.

Stimuli which were used in the control condition (Condition V)
Q
[SRJ!:nsisted of crayons and coloring pictures of animals.

Full Tt Provided by ERIC.
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Specifications for Stimulus Blocks Used

in the Treatment Conditions
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Block Shape of Color Thickness a Length of Side b Angle ¢
Number Surrface Area (in wmillimeters) (in millimeters) (in degrees)
1 Equilateral Triangle Blue 20 100 60°
2 Equilateral Triangle Blue 10 100 60°
3 Equilateral Triangle  Blue 20 66.7 60°
4 Equilateral Triangle Blue 10 66.7 60°
5 Equilateral Triangle Red 20 100 60°
6 Equilateral Triangle Red 10 100 60°
7 Equilateral Triangle Red 20 66.7 60°
8 Equilateral Triangle Red 10 66.7 60°
9 Equilateral Triangle Yellow 20 100 60°
10 Equilateral Triangle Yellow 10 100 60°
11 Equilateral Triangle Yellow 20 66.7 60°
12 Equilateral Triangle Yellow 10 66.7 60°
13 Right Triangle Blue 20 87.87 90°
14 Right Triangle Blue 10 87.87 90°
15 Right Triangle Blue 20 58.58 90°
16 Right Triangle Blue 10 58.58 90°
17 Right Triangle Red 20 87.87 90°
18 Right Triangle Red 10 87.87 90°
19 Right Triangle Red 20 58.58 90°
20 Right Triangle Red 10 58.58 90°
21 Right Triangle Yellow 20 87.87 90°
22 Right Triangle Yellow 10 87.87 90°
23 Right Triangle Yellow 20 58.58 90°
24 Right Triangle Yellow 10 58.58 90°
25 Square Blue 20 75 90°
26 Square Blue 10 75 90°
27 Square Blue 20 50 90°
28 Square Blue 10 50 90°
29 Square Red 20 75 90°
30 Square Red 10 75 90°
31 Square Red 20 50 90°
32 Square Red 10 50 90°
33 Square Yellow 20 75 90°
34 Square Yellow 10 75 90°
35 Square Yellow 20 50 " 90°
36 Square Yellow 10 50 90°

Equilateral Triangle

Right Triangle
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Assessment Materials

The CLD tasks (Frayer, Klausmeier, & Nelson, 1973; Klausmeier,
Sipple, & Frayer, 1973, in press) wére used t6 measure transfer of
training at the concrete, identity, and classificatory levels. Two
types of stimuli were included in the assessment battery: (1) geometric
blocks which were used during the training phase to measure near transfer
(see Table 1), and (2) ;wo—dimensional drawings were used in a parallel

test to measure far transfer. The second type of materials represented

geometric forms similar to the blocks. These materials are presented

in Appendix A.

In addition to the training materials, a 24'" x 16" masonite panel
was used in.concealing Elocks for the concrete and identity tasks. The
panel stood in a vertical position on a wooden base and could be operated

manually.

Procedure
Training

The author administered the traiﬁing on an individual basis. Each
child was taken from his classroom to a private room where he was
seated at a table of an appropriate height. The E sat directly
across the table from the S. .Since each S had already been acquainted
with the E through prior classroom contact, only a brief introduction
was necessary before getting underway.

The amount of time allotted in attending to the stimuli was equal-
ized for all conditions. Table 2 illustrates how the training time
was distributed for the various conditions over a total of 16 minutes.
When a S began to show signs of Yatigue or when his eyes were not

fixating on the stimuli, the session was stopped at the erd of that
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particular time segment. As many as three to four sessions were
sometimes required in order to complete 16 full minutes of training

for each S.

Treatment I (visual inspection)

"I got some blocks here that I would like you to see. 1 want
you to look at each block very carefully, taking as much time as
you need. Be sure to look at all the blocks and keep your hands in
your lap. O0.K?"

"We will begin by locking at each of these blocks." (E proceeded

by presenting each of the twelve 'square'' geometric forms for visual
examination. Blocks #25-36 were placed upon the table in S's view in a
randomly given order. E then removed the blocks from S's view taking
away one block at a time.)
(4 minutes allowed for visual inspection of the "square" geometric forms)
"Now we will look at some different blocks." (E presented each
of the twelve "equilateral triangle" forms for visual examination. Blocks
#1-12 were placed upon the table in S's view in a randomly given order.
E then removed the blocks from S's view taking away one block at a tiue:.
(4 minutes allowed for visual inspection of the 'equilateral triangle'
geometric forms)

"This time we are going to look at these blocks."

(E presented
each of the twelve "right isosceles triangle" forms for visual examination.
Blocks #13-24 were placed upon the table in S's view in a randomly

given order. E then removed the blocks from S's view taking away one

block at a time.)
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(4 minutes allowed for visua’ inspection of the "right isosceles
triangle' geometric forms)

"Now let's take a look at all of the blocks that I have shown
you." (E presented all of the geometric forms for visual examination.
Blocks #1-36 were placed upon the table in S's view in a randomly
given order. E removed blécks.)

(4 minutes allowed for visual inspection of all the geometric forms)

Treatment II (visual inspection + verbal orienting instruction)

"I got some blocks here that I would like you to see. I'm going
to tell you some important things about all these blocks, and I want
you to listen very carefully keeping your hands in your lap. O0.K?"

"First, I want you to look at all of the blocks that are here

on the table." (E presented all of the geometric forms, one at a time,

for visual examination. Blocks #1-36 were placed upon the table in

S's view in a randomly given order. E removed blocks.)

(4 minutes allowed for visual inspection of all the geometric forms)
"Now I will tell you some things about the blocks you were

looking at. We will begin with these blocks." (E placed the twelve

"square" geometric forms #25-36 on the table.) '"What are these blocks

called?" (E awaited S's response.) '"These are squares and they have

four equal sides. Each of these blocks has tﬁe same sides.'" (E pointed

to the four sides of block #25 and to the four sides of block #32.) '"Look

at the way they are different. How many colors can you find?" (E

awaited S's response.) ''There are three different colors: blue,

red, and yellow.'" (E sorted the 'square' forms into three color groups

of blue, red, and yellow.) '"See the different colors?" (E returned
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blocks to one main group.) '"How many different sizes do you see?”

(E awaited §'s response.) ''There are two sizes: some of these

tlocks are'big and some are little." (E then sorted the blocks into
two groups on the basis of size.) 'See the different sizes?" (E
fetufned blecks to one main group.) 'Now what is another way in which
some of these blocks look different?" (E awaited S's response.) '"Some
of these blocks are fat and some are skinny. Can you see which are the
fat blocks and which are the skinny ones?" (E awaited S$'s response. E
then sorted the blocks into two groups on the basis of thickness.) '"See
how some blocks are fat and some are skinny?" (E returned blocks to
one main group.)

(4 minutes allowed for verbal orienting instruction of the '"square"
geometric forms)

"This time I will tell you about these blocks.' (E placed the twelve
"equilateral triaﬁgle" geometric forms #1-12 on the table.) '"What are
these blocks called?" (E awaited S's response.) '"These are triangles
with three equal sides. Each of these blocks has the same sides.”

(E pointed to the three sides of block #1 and to the three sides of
block #8.) '"Look at the way these blocks are different. - How many
colors can you find?" (E awaited S's response.) ''There are three
different colors: blue, red, and yellow." (E sorted the "equilateral
triangle" forms into three color groups of blue, red, and yellow.)

"See the different colors?" (E returned blocks to one main group.)

"How many different sizes do you see?" (E awaited S's response.)

"There are two sizes: some of these blocks are big and some are little."
(E then sorted the blocks into two groups on the basis of size.) 'See
the different sizes?" (E returned biocks to one main group.) '"Now what
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is another way in which some of these blocks look different?" (E
awaited S's response.) "Some of these blocks are fat and some are
skinmny. Can you see which are the fat blocks and which are the skinny
ones?" (E awaited S's response. E then sorted the blocks into two
groups on the basis of thickness.) '"See how somebblocks are fat and
some are skinny?" (E_rgturned blocks to one main group.)
(4 minutes allowed fof verbal orienting instruction of the "equilateral
triangle" geometric forms)

"Lastly, I want to tell you about the other triangles." (E
placed the twelve "right isosceles triangle" geometric forms #13-24 on
the table.) "These are different from the other triangles I showed you
before; they only have two equal sides, Each of these blocks has only
two sides the same." (E pointed to the two equal sides of block #13
and to the longest side. E pointed to the sides of block #20 as
another example.) "Look at the way these blocks are different. How
many colors can you £ind?" (E awaited S's response.) '"There are three

different colors: blue, red, and yellow."

(E sorted the "right triangle"
forms into three colox groups of blue, red, and yellow.) ''See the
different colors?" (E returned blocks to one main group.) 'How many
different sizes do you see?" (E awaited S's response.) '"'There are tu.
sizes: some of these blocks are big and éome are little." (E then

sorted the blocks into two groups on the basis of size.) "See the
different sizes?'" (E returned blocks to one main group.) "Now what

is another way in which some of these blocks look different?" (E

awaited S's response.) '"Some of these blocks are fat and some are

skinny. Can you see which are the fat blocks and which are the skinny

ones?" (E awaited S's response. E then sorted the blocks into two groups
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on the basis of thickness.) ''See how some blocks are fat and some
are skinny?" (E returned blocks to one main group.)
(4 minutes allowed for verbal orienting instruction of the "right

isosceles triangle" geometric forms)

Treatment III (visual inspection +‘free haptic activity + tactile-
kinesthetic training)

"I got some blocks here that I would like you to see. We are
going to play some games with them. O.K?"

"First, I want you to look at all of the blocks that are here on
the table." (E presented all of the geometric forms, one at a time,
for visual examination. Blocks #1-36 were placed upon the table in
S's view in a randomly given order. E removed blocks.)

(4 minutes allowed for visual inspection of all the geometric forms)

"Now you can pick up the blocks and play with them. Pick up any
block you want to play with. Be sure to play with all the blocks so
that you get to know them better."

(6 minutes allowed for free haptic activity with blocks)

»  "Now we are going to play a game by tracing the blocks with our
fiﬁéer. Show me your pointing finger. We will begin with the blocks
here (#1-4). Let's trace our>finger around each of the blocks." (E
guided S's index finger around the sides of each block pressing S's
finger against the angles as they are passed over.) ''This time we
will use twg/fingers (right thumb and right index finger) and pinch
each block." !(E_then pressed S's thumb and index finger together against
the body thickness of each block beginning with the first one.) ''Next,
we will use three fingers (right thumb, right index finger, right middle

finger) to pick up each block." (E then pressed S's thumb and fingers
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simultaneously against the sides of the blocks alternating in the
sequence with large and small blocks.)

"This time we will be tracing these blocks (#13-16) with our
fingers. Let‘s trace our finger around each of the blocks." (E guided
S's index finger around the sides of each block pressing S's finger
against the angles as they are passed over.) 'This time we will use
two fingers (right thumb and right index finger) to pinch each block.”
(E then pressed S's thumb and index finger together against the body
thickness of each block.) '"Next, we will use three fingers (right thumb,
right index finger, right middle finger) tohﬁick up each block." (E
then pressed S's thumb and fingers simultaneously against the sides of
the blocks alternating in the sequence with large and small blocks.)

"And now we will trace our finger around these blocks (#25-28)."
(E guided S's index finger around the sides of each block pressing S's
finger against the angles as they arc paséed over.) '"This time we will
use two fingers (right thumb and right index finger) to pinch each block."
(E then pressed S's thumb and Index finger together against the body
thickness of each block.) 'Next, we will use four fingers (right thumb
and first three fingers) to pick up each block." (E then pressed S's
thumbvand fingers simultaneously against the sides of the blocks
alternating in the sequence ﬁith large and small blocks.)

"Now let's try these blocks (blocks #1, 13, & 25)." (E proceeded
first by tracing S's index finger around each of the blocks, then used
thumb and first two fingers, or thumb and first three fingers in the
case of squares, pressed against the sides simultameously.) (Sequence
repeated with blocks #2, 14, & 26; #3, 15, & 27; and #4, 16, & 28.)

(6 minutes allowed for tactile-kinesthetic training with blocks)
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Treatment IV (visual inspection + free haptic activity + tactile-
kinesthetic training + verbal orienting instruction)

"I got some blocks here that I would like you to see. We are
going to play some games with these blocks and I will tell you things
about them."

"First, I want you to look at all of the blocks that are here on
the table." <{(E presented all the geometric forms, one at a time, for
visual examination. Blocks #1-36 were placed upon the table in S's
view in a randomly given order. E removed blocks.)

(4 minutes allowed for visual inspection of all the geometric forms)

"Now you can pick up the blocks and play with them. Pick up any
blocks you want to play with. Be sure to play with all the blocks so
that you get to know them better."

(4 minutes allowed for free Eaptic activity with blocks)

"Now we are going to pléy a game by tracing the blocks with our
finger. Show me your pointing finger. We will begin with the blocks
here (#1-4). Let's trace our fingers around each of the blocks." (E
guided S's index finger around the sides of each block pressing S's
- finger against the angles as they are péssed over.) '"This time we
will use two fingers (right thumb and right index finger) and pinch
each block." (E then pressed §'s thumb and index finger together against
the body thickness of each block beginning with the first one.) '"Next,
we will usevthree fingers (right thumb, right index finger, right middle
finger) to pick up—each block." (E then pressed S's thumb and fingers
simultaneously against the sides of the blocks alternating in the sequence

with large and small blocks.)
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"This time we will be tracing these blocks (#13-16) with our
finger. Let's trace our finger around each of the blocks." (E
guided 8's index finger around the sides of each block pressing S's
finger against the angles as they are passed over.) "This time we
will use two fingers (right thumb and right index finger) to pinch
each block." (E then pressed S's thumb and index finger together
against the body thickness of each block.) "Next, we will use three
fingers (right thumb, right index f{ngr, right middle finger) to pick
up each block." (E then pressed S's thumb and fingers simultaneously
against the sides of the blocks alternating in the sequence with large
and small blocks.)

"And now we will trace our finger around these blocks (#25-28)."
(E guided S's index finger around the sides of each block pressing
S's finger against the anglés as they are passéd over.) "This time we
will use *two fingers (right thumb and right index finger) to pinch each
block." (E then pressed S's thumb and index finger together against
the body thickness of each block.) ''Next, we will use four fingers
(right thumb and first three fingers) to pick up each block." (E
then pressed S's thumb and fingers simultaneously against the sides of
the blocks alternétiné in the sequence with large and small blocks.)
(4 minutes allowed for tactile-kinesthetic training with blocks)

"Now I'm going to tell you some things about the blocks we just
played with. Do you see all the different kinds of blocks? How many
colors can you find?" (E awaited S's response.) ''There are three
different colors: blue, red, and yellow." (E sorted blocks into the

three color groups of blue, red, and yellow.) "See the different colors?"

(E returned blocks to one main group.) "How many different shapes do you
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see here?" (E awaited S's response.) ''There are three different
shapes: some are triangles with three equal sides (E pointed to the
3 sides of block #1); some are triangles with only two equal sides
(E pointed to the 2 equal sides of block #13); and some are sq:ares
with four equal sides (E pointed to the 4 equal sides of block #25)."
(E.then sorted the blocks into three groups on the basis of shape.)
"See the different shapes?" (E returned blocks to one main group.)

"How many different sizes do you see?" (E awaited S's response.)
"There are two different sizes: some of the blocks are big and some
of the blocks are little." (E then sorted the blocks into two groups
on the basis of size.) "See the different sizes?'" (E returned blocks
to one main group.)

"Now what is another way in which some of these blocks look
different?" (E awaited S's response.) '"Some of the blocks are fat
and some of the blocks are skinny." (E sorted the blocks into two
groups on the basis of thickness.) ''See how some blocks are fat and
some blocks are skinny?" (E returned blocks to oﬁe main group.)

(4 minutes allowed for verbal orienting instruction of blocks)

Treatment V (control)
"I got a picture here I would like you to color for me. Do you
think you can color this picture?"

(16 minutes allowed for play activity)

Assessment
Each S was tested for level of attainment of the concept of

equilateral triangle after training had been completed. The dependent

or transfer measures were taken a day following the completion of
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training in order to minimize fatigue and to maintain each S's attention,
Despite this one day interval, Ellis (1965) notes that training still
remains roughly constant with varying time intervals between training
and the administration of transier tasks.

An independent E took all the required dependent measures. This
person had no knowledge of the training which Ss received prior to
testing. Two sets of tasks were used to measure transfer of training at
the concrete, identity, and classificatory levels. Concept attainment
was assessed with the use of the training blocks (near transfer) and with
the use of two-dimensional drawings (far transfer). The present study
is characterized as a treatment-posttest situation. Training involved
stimulus predifferentiation (Ellis, 1965; Klausmeier & Davis, 1969)
whereby Ss were given different types of experience with the stimuli
prior to the test of concept attainment.

The order of presentation was randomized for each S, so that some
Ss were assessed first with the geometric blocks followed by the two-
dimensional geometric drawings, while other Ss were assessed in the
reverse order. Furthermore, thé presentation order within each concept
task bettery (concrete, identity, and classificatory) had been randomize’
for each §S. A prac;ice trial was given at the beginning of either the
concrete or identity task, depending on which occurred first in the
assessment battery. The purpose of the practice trial was to clarify

the E's instructions.

Equilateral Triangle Tasks (Geometric Blocks)

Concrete Task. In this task, E presented a target block for 5

seconds. While S viewed the block, E said, "Here is a block I would

like you to look at." (E pointed to the target block.) 'Luok at it
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very carefully and remember what it looks like. Now I'm going to hide
the block and ask you to point to it when you see it‘again."
Experimenter then hid the target block behind a panel. While

the panel was in position, E placed the target block among nonexamples.
The target block was left in the same orientation with respect
té S as when it was initially displayed. The panel was in position
for 15 seconds. The E then removed the panel and said, '"Now point to
the block I showed you before."

The tésk consisted of four trials utilizing four different blocks

as target stimuli. On eact trial, the nonexamples differed in one

characteristic from the target block. The blocks used for each trial are

specified below:

a. Practice Trial

Ta;:get #32. Nonexamples #10, 19.
1. Target #2. Nonexamples #1, 4, 6, 10, 14, 26.
2. Target #12. Nonexamples #4, 8, 10, 11, 24, 36.
3. Target #5. Nonexamples #1, 6, 7, 9, 17, 29.

4, Target #3. Nonexamples #1, 4, 7, 11, 15, 27.

In the second display, the target and nonexampleé were placed in
two rows, approximately the same distance from the S as the target in
initial display. The placement of the target in relation to the non-
examples was systematically alternated (center, right, left, etc.).

On trials 1-4, the nonexamples intuitively most similar to the target
(triangles of the same color) were dispersed throughout the display.
All blocks were ''regularly' oriented. The initial and second displays

for each of the four trials are shown in Figure 6.

the
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An intentional interval of approximately 30.seconds was introduced
between each trial. During this interval, E engaged the child in
friendly conversation. The purpose of the‘interval was to minimize
interference between trials duz to memory of previous target blocks.
The delay and conversation were intended to separate the trials in the

child's mind.

Identity Task. 1In this task, E presented a target block for 5
seconds. While S looked at the bleck, E said, "Here is a block I would
like you to look at." (E pointed to the target block.) '"Look at
it very carefully and remember what it looks like. Now I'm going to
hide the block and ask you to point to it when you see it again."

Experimenter then hid the target block behind a panel. While
the panel was in position, E placed the target block among nonexamples.
The target block was placed in a different orientation with respect to

— I
S than when it was initially displayed. The panel was in position for
15 seconds. The E then removed the panel and said, "Now point to the
block I showed you before."

The task consisted of four trials which utilized the same stimuli
as in the concrete level task. Again, as in the concrete task, each
nonexample differed in one characteristic from the target block for
each trial. The blocks used for each trial and the orientation of the
target block for the initial and test displays are specified below:

1. Target #2. Nonexamples #1, 4, 6, 10, 14, 26.

(Display 1: Target block is 6" from the edge of the table

nearest S, placed such that its equilateral area faces up from
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the table. Display 2: Target block is 18" from the edge of
the table nearest §,vagain placed such that its equilateral
area faces up from the table. Nonexample 4 is 6" from the

. edge of the table nearest S.)

2. Target #12. Nonexamples #4, 8, 10, 11, 24, 36.

(Display 1: Target block is placed such that its equilateral
area faces upward from the table. Display 2: Target block

is again placed such that its equilateral area faces upward
.from the table, but one of the points faces directly toward §.)

3. Target #5. Nonexamples #1, 6, 7, 9, 17, 29.

(Display 1: Target block is placed such that its equilateral
area faces upward from the table. Display 2: Target block
is placed such that i:s equilateral area faces directly toward
S, with the block resting on a base of the triangle.

4. Target #3. Nonexamples #1, 4, 7, 11, 15, 27.

(Display 1l: Target block is placed such that its equilateral
area faces upward from the table. Display 2: Target block
is placed such that a side of the triangle faces directly
toward S, with the block resting on a base of the triangle.

In the second displays, three blocks were placed upright: one with
its flat area toward S, one with its side toward S, one at an angle with
regard to S. One upright block was a triangle of the same color as
the target, another upright block either a square or a triangle of a
different color than the target. Of the blocks which were flat on the
table, some had '"regular'" orientation, others had "skewed' orientation.
The initial and second displays for cach of the four trials are shown
in Figure 7.

ERIC
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An intentional interval of approximately 30 seconds was again
introduced between each trial. During this interval, E engaged the
child in friendly conversation. The purpose of the interval was to
minimize interference between trials due to memory of previous carget
blocks. The delay and conversation were intended to separate the

trials in the child's mind.

Classificatory Task. This task consisted of four sorts. For

each sort, S was presented with a target block, then asked to pick
out all the other blocks from an array having the same shape as the
target.

Experimenter presented a target block for S-ééconds. While S
vievwed the block, E said, '"Here is a block I would like you to look at.
Look at it very cafefully and remember what it looks like. Now I'm
going to hide the bleck." The E removed the block from the table.

On the left-hand side of the § was an array of blocks which had been

placed there at the beginning of the sort. "Now pick out all the blocks
that have the same shape as the one I showed you before." On Sort %,

E said, "Now pick out all the blocks that have the same shape and color
as the one I showed you before."
The blocks used for each sort are specified below:
1. Show #2 | e
Array #1, 4, 15, 18, 26, 31.
2. Show #12

Array #3, 8, 10, 15, 20, 21, 23, 35, 36.
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3. Show #5
Afray #3, 4, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22.
4. Show {#3
Array #1, 2, 4, 7, 8, 11, 12, 13, 14, 15, 16.
The four sorts were ordered in terms of increasing difficulty. For
Sort 1, the array consisted of six blocks of which two were of the
same shape as the target. For Sort 2, there were nine blocks, three of
these were of the same shape as the target. 1In Sort 3, the array
included twelve blocks and four had to be selected. Finally, in Sort 4,

the S had to pick out from the array those blocks that were like the

target in both shape and color. The target blocks used in the four
sorts were the same targets as in the concrete and identity level tasks.
This provided some sense of continuity between tasks for assessing
level of concept attainment. Figure 8 illustrétes the arrangement of

blocks for each sort.

Equilateral Triangle Tasks (Two-Dimensional Geometric Forms)

Concrete Task. An assessment task developed by Klausmeier,

Ingison, Sipple, and Katzenmeyer (1973) was used for measuring attain-

ment of the concept of equilateral triangle at the concrete level. The

test items consisted of two-dimensional representations of geometric
forms. The items were administered to each S in polystyrene loose-leaf
booklets. After the S was given the practice trial, E presented a
target item as thé initial display for 5 seconds. This was a line

drawn equilateral triangle.
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While S viewed the item, E said, "Here is a picture I would like
you tc look at. Look at it very carefully and remember what it looks
like." Then E turned to the second display on the next page where the
target item again appeared but among other geometric figures varying
in color, shape, and size. "Now point to the one (picture) you saw
before." The target item was left in the same orientation to S as
when it was initially displayed. Subject was not permitted to turn
back to the initial display after it had been showne.

The task was comprised of eight test items of increasing difficulty.

Level of difficulty was manipulated according to the number of nonexamples
(4, 7, or 10) which were used in each of the second test displays and
according to the number of dimensions (color, shape, size) on which non-
examples varied from the target item. The test items used to assess

concept attainment at the concrete level are shown in Appendix A.

Identity Task. This task was developed by Klausmeier, Ingison,

Sipple, and Katzenmeyer (1973) to assess attainment of the concept of

equilateral triangle at the idéntity level. The procedure followed for

this task was similar to the concrete. The E presented a target item
for 5 seconds. Again each item was a line drawn equilateral triangl:.
While S viewed the target, E said, '"Here-is a picture I would like you
to look at. Look at it very carefully and remember what it looks like."
Then E turned to the next page where the second display appeared showing
the target in a different orientation with respect to $ than when it was
initially displayed. Nonexamples of varying colors, shapes, and sizes
also- appeared in the second display. '"Now point to the one (picture)
you saw before." Subject was not permitted to .look back at the initial

display after it had been shown.
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The task was comprised of eight test items of increasing diffi-
culty. Again, as in the concrete task, level of difficulty was mani-
pulated according to the number of ncnexamples (4, 7, or 10) which were
used in each of the second teét displays and according to the number of
dimensions (color, shape, size) on which nonexamples varied from the
target items. The test items used to assess concept attainment at the

identity level are shown in Appendix A.

Classificatory Task. In this task, the S's attainment of the

concept of equilateral triangle was assessed at ghe classificafory level.

This task was also developed by Klausmeier, Ingison, Sipple, and Katzenmeyer

(1973) although the presentation format was modified substantially. Items

were presented successively, first with the target appearing, followed

next by an array of examples and nonexamples from which a sort wés to

be made. This preferred format was believed to be more consistent with

the classificatory task employing geometric blocks (as described above)

and it was believed to present a more comprehensive test of the classifi-~

catory level by tapping the remembering operation as outlined in the

CLD model (see Figure 4). A simultaneous presentation format of the

target with the array is usually followed in administration of this task.
To begin the task, E presented a target for 5 seconds. This was

a line drawn equilateral triangle. While S viewed the item, E said,

"Here is a picture I would like you to look at. Look at it very carefully

and remember what it looks like.'" The target was then concealed from

S's view and the array was shown. The array consisted of drawings of

geometric figures varying in color, shape, and size. ''Now point to

all the ones (pictures) that have the same shape as the one you saw

before." Subject was not permitted to look back at the target.

ERIC
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This task required five sortings of increasing difficulty. On
Sorts 1-3, level of difficulty was manipulated according to the number
of items included in the array. For Sort 1, five items were included
in the array of which two had to be selected; for Sort 2, twelve items
were included of which three had to be selected; and for Sort 3, twenty-
four items were included of which six had to be selected. On Sorts 4
and 5, S had to make his selection or sort on two dimensions. For
Sort 4, E said, "Now point to all the ones (pictures) that have the same

shape and same color as the one you saw before." Directions for Sort 5

read: 'Now point to all the ones (pictures) that have the same shape and
the same size as the one you saw before. There were seventeen examples
and nonexamples in Sort 4 and 5, two of which had to be chosen for each
sort. These consisted of friangles of various sizes. The test items

used to assess concept attainment at the classificatory level appear

in Appendix A.

Scoring of the Data

All S's responses on the concept assessment tasks were scored as
correct or incorrect. A separate tabulation was made of the number of
correct responses for each S on each of the tasks. For the concrete,
identity, and classific;tory tasks (Geometric Blocks, used to assess
near transfer, each S received a score of 1 if he responded correctly
on a given.trial, or 0 if he responded incorrectly. No responses were
scored as incorrect. Thus, for eaéh of these tasks, the total possible
score was 4 since four trials were involved.

Similarly, on the concrete, identity, and classificatory tasks

(Two-Dimensional forms) used to assess far tramnsfer, each S received
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a score of 1 or O for each trial. The total possible score was 8 for
the concrete and identity tasks and 5 for the classificatory task. No
responses were again scored as incorrect.

Apart from the correct—incorrect response data, latency measures
were taken on each S during the concrete and identity trials used
to measure near transfer of training. Response Time (RT) on these
trials was measured with a stopwatch from the onset of the second pre-
sentation of stimuli (second display) to the time ; response (i.e.,
pointing to a block) had been made. Unusually long RTs (more than
three standard deviations above the mean of a particular S's distri-
bution of latencies in a given treatment condition) were ex~luded from

analysis.

Design and Statistical Analysis

The design for this experiment was a 2 x 2 x 5 factorial with
six dependent measures being taken. Treatment (Conditions I, II, III,
IV, or V) was the independent variable in this experiment, while age
(3-years or 5-years) and sex (male or female) were included as strati-
fying variables. The six dependent measures employed were the number
of correct responses on the two sets of concrete, identity, and classi-
ficatory tasks. The 2 x 2 x 5 dedign is illustrated in Table 3.

Six univariate 3-way analyses of variance (ANOVAs) were used to
test main effects due to treatment, age, and sex, aé well as to test
for interactions between factors. These analyses were performed using
a multivariate (Finn, 1968) computer program. In post hoc analyses,
Tukey's (1949) test was applied in making all pairwise comparisons

between conditions. Scheffé's (1953) test was also applied in making
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a more complex comparison between Conditions 1+5 and 2 + 3 + 4.

The Type i error rate for testing all main effects and interactions

was established at the .00l level, thereby maintaining an overall a

of approximately .05 for the 42 tests subsumed under the six ANOVAs.
This is in accordance with a strategy suggested by Miller (1966) and

is frequently advocated in the psychological literature (McHugh & Ellis,
1955; Ryan, 1959, 1960, 1962; Wilson, 1962) as a means of reducing the

likelihood of Type I errors when performing multiple F tests.
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Chapter IV
RESULTS
The results of the present study are reported in this chapter
according to task. Results of the tasks used to assess near transfer
of training are presented first, followed by the results of the tasks
used tb assess far transfer. Latency data and the error analysis for
the concrete and identity tasks using geometric blocks are also re-

ported in this chapter.

Concept Asszssment Battery - Geometric Blocks
Concrete Task (Task I)
This task was used to measure ﬁhe effects of training at the
concrete level of concept attainment. Subjects were required to re-

cognize particular instances of the concept of equilateral triangle

in a regular orientation after these instances were dispersed in an
array among other examples and norexamples of the concept. The
assessment materials for this task, as well as for the identity and
classificatory tasks which follow, consisted of geometric blocks (s 2
Table 1) from the training sessions. The mean number of correct res-
ponses for each age x sex X treatment condition.on the concrete task
is shown in Table 4. The number of correct responses for individual

Ss can be found in Appendix B.
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Figure 9 illustrates the mean scores according to age and according to

sex for each of the treatment conditions.

The results of the univariate analysis of variance are presented
in Table 5. Statistically significant results were found for age and
for treatmeit. Five-year-old Ss (3.02) gave a higher mean number of

correct responses on the concrete task than 3-year-old Ss (1.46).

The effects due to treatment were analyzed by post hoc comparisons
among means, Table 6 shows the results of this analysis. The mean
number of correct responses in treatment Conditions 2, 3, and 4 (2.75)
was found to be significantly higher than in Conditions 1 and 5 (1.48).
Those conditions involving manual activity and verbal orienting instruction
were relatively better than those involving visual inspection and unrelated
play activity (control). Pairwise comparisons between Conditions 1 and
2 and between Conditions 2, 3, and %4 were not found to be significant.
A look at the means in Table 4 indicates that Condition 4
(3.05) was relatively more facilitating in recognizing particular instances
of the concept at the concrete level. ‘Condition 3 (2.75) was relatively
rore facilitating than Condition 2 (2.45), while Condition 1 (1.50) was

relatively more facilitating than Condition 5 (1.45). Again, however,

pairwise comparisons were not found to be significant at the reduced o level.

Sex was not a significant source of influence on the concrete
task, although in looking at the means (see Table 4) one sees that girls
(2.38) tend to do better than boys (2.10) for the various treatment

conditions.
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Table 5

Univariate Analysis of Variance for Total Number of Correct
Responses on Task I Using Geometric Blocks

Source df F Probability
Age (A) 1,80 66.49. <.0001%*
Sex (S) ' 1,80 2.14 <,1473
Treatment (T) 4,80 11.65 <,0001*
AxS 1,80 1.57 <.2134
AxT 4,80 1.36 <,2570

S xT 4,80 .94 <. 4454
AxSxT 4,80 1.03 <,3984

*p < ,001

Table 6

Post Hoc Comparisions Among Treatment Means in
Task I Using Geometric Blocks

Group
1 2 3 4 5

(Tukey HSD = 1.61) Mean

1.50 2.45 2,75 3.05 1.45
Group Mean

1 1.50 —_ .95 1.25 1.55 -.05
2 2.45 — .30 .60 -1.00
3 2.75 — .30 -1.30
4 3.05 — -1.60
5 1.45 —

(Scheffé s = .89)

Groups 1 + 5 (1.48) vs. Groups 2 + 3 + 4 (2.75) = 1.27%

*p < .00l
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Lastly, no significant interactions occurred between factors.

Identity Task (Task II)

In this task, Ss were required to recognize particular instances

of the concept of equilateral triangle in an orientation that was

different from the initial showing. The mean number of correct res-
ponses for each age X sex x treatment condition on the identity task
is presented in Table 7. Response data of individual Ss can alsoc he

found in Appendix B.

Figure 10 illustrates the mean scores according to age and according to

sex for each of the treatment conditions.

The results of the analysis of variance of the mean number of
responses which weres correct on Task II are shown in Table 8. As in
Task I, statistically significant results were obtained for age
and for treatment. Five-year-olds (2.8%4) scored a greater mean number

of correct responses than 3-year-olds (1.36).

Post hoc comparisons among treatment means revealed significant
differences between Conditions 1, 5 (1.43) and 2, 3, 4 (2.55). The
comparisons among means are shown in Table 9. Again, those conditions
which emphasized manual activity and verbal orienting instruction were
relatively more effective than the visual condition and the control.
Overall, Condition 4 (2.80) appeared to be the most facilitating con-

dition, followed by Conditions 2 (2.50) and 3 (2.35). Of the least
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Table 8

Univariate Analysis of Variance for Total Number of Correct
Responses on Task II Using Geometric Blocks

Source df F Probability
Age (A) 1,80 58.26 <.0001*
Sex (S) 1,80 o 2.09 <,1527
Treatment (T) 4,80 19.48 <,0001%
Ax S ' 1,80 3.45 <. 0471
Ax T 4,80 3.39 <.0130
Sx T 4,80 1.63 <.1741
Ax SxT 4,80 .49 <.7397
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facilitating conditions, Condition 5 (1.55) seemed to be better than

Condition 1 (1.30). Pairwise differences between treatment conditions

however were not significant.

The main effect of sex was not significant. However, the mean
number of correct responses for girls (2.24) was higher than for boys
(1.96).

Although none of the interactions approached the .00l significance
level, 3-year-olds seem to perform better in Condition 4 while 5-vear-olds
seem to perform better in Condition 2 (age x treatment, NS p < .0l).

This finding is in accord with the CLD model, which holds that with
increasing age a child relies nore on verbal functions as a means of

attaining concepts.

Classificatory Task (Task III)

On Sorts 1-3 of this task, Ss were asked to select from an array
blocks having the sare shape as the concept example. On Sort 4, Ss
were asked to pick out blocks of the same shape and color as the concept
example. In each case, the concept example was an equilateral triangle.
The mean number of correct re;ponses on: the classificatory task is shown
in Table 10 for each age x sex x treatment condition. Response data for

individual Ss are found in Appendix B.

~,

Figure 11 illustrates the mean scores according to age and according to

sex for each of the treatment conditions.
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Table 9

Post Hoc Comparisons Among Treatment Means in
Task II Using Geometrlc Blocks

Group
1 2 3 4 5

(Tukey HSD = 1.65) Mean

1.30 2.50 2,35 2.80 1.55
Group Mean
1 1.30 E— 1.20 1.05 1.50 .25
2 2.50 _— -.15 .30 -.95
3 2.35 — W45 -.80
4 2.80 —_ -1.25
5 1

.55 —

(Scheffé s = .77)

. ' %
Groups 1 + 5 (1.43) vs. Groups 2 + 3 + 4 (2.55) = 1.12

*p < .001
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Table 1l summarizes the results of the univariate analysis of
variance. As may be noted in this table, age and treatment were again
shown to be significant at the designated level. VFive-yvear-old Ss
(1.90) scored a higher mean number of correct responses than 3-vear-olds
(1.08), while Conditions 2 (2.20), 3 (l.70); and 4 (2.95) were relatively

more facilitating than Conditiors-1 (.40) and 5 (.20).

Table 12 also indicates that there weré significant dilferences
between various treatments. Pairwise comparisons revealed that the mean
number of correct responses in Condition 2 (2.20) was significantly
higher than in Condition 1 (.40), and significantly higher than in
Condition 5 (.20). Furthermore, each of Conditions 2 (2.20) and 4
(2.95) were significantly better than Condition 5 (.20). These data
clearly demonstrate that verbal training in Conditions 2 and 4 is more
facilitating to concept attainment at the classificatory level than the
type of training in Condition 1 (visual) or Condition 5 {(control). The
result of the complex comparison between L + 5 (.30) and 2 + 3 + 4 (2.28)
inuicates the general superiority of verbal oriznting instruction and
manual activity--particularly when combined--over visual and unrelated

play activity.

Sex was not a significant factor although girls (1.62) performed
somewhat better than boys (1.36). No significant interactions were

found between factors on the classificatory task.
O
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Table 11

Univariate Analysis of Variance for Total Number of Correct
Responses on Task III Using Geometric Blocks

Source af F Probability
Age (A) 1,80 11.83 .0010*
Sex (S} 1,80 1.19 .2786
Treatment (T) 4,80 19.48 .0001%
AxS 1,80 2.04 .1576
AxT 4,80 .54 .7103
SxT 4,80 1.96 .1079
AxSxT 4,80 .56 .6950
*r < ,001

Table 12

Post Hoc Comparisons Among Treatment Means in
Task III Using Geometric Blocks

Group
1 2 3 4 5
(Tukey HSD = 1.63) Mean
.40 2.20 1.70 Z2.95 .20
Group Mean

1 .40 — 1.80% 1.30 2.55% -.20
2 2.20 —_— -.50 .75 -2.00%
3 1.70 — 1.25 -1.50
4 2.95 R -2.75%
5 .20 -

(Scheffé s = 1.38)

*
Groups 1 + 5 (.30) vs. Groups 2 + 3 + 4 (2.28) = 1.98

*p < .001
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Concept Assessment Battery--Two-Dimensional Geometric Forms
Concrete Task (Task I)
This task was used to measure transfer of training at the concrete
level of concept attainment. Different from the above tasks employing

geometric blocks, this task required Ss to recognize particular instances

of the concept of equilateral triangle using two~dimensional drawings.

For the concrete level, Ss were required to respond to the same instances
when presented in their regular orientation. The assessment materials
for this task and for the identity and classificatory tasks which follaew
can be found in Appendix A. Table 13 gives the mean number of correct

responses for each age x sex X treatment condition on the concrete task.

[

The number of correct responses for individual Ss is contained in Appendix

Figure 12 illustrates the mean scores according to age and according to

sex for each of the treatment conditions.

The analysis of variance as seen in Table 14 revealed significant
main effects for age and treatment. The mean number of correct responses
was significantly higher in the 5-year-old age group (7.28) than in the

3-year-old age group (4.38).

Post hoc comparisons calculated for treatment groups are presented

in Table 15. Only the comparison between 1 + 5 and 2 + 3 + 4 was
significant at the designated level. A larger mean number of correct

responses was given in conditions entailing manual activity and verbal
O
E l()rienting instruction (6.53) than in cunditions entailing visual in-
o
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Table 14

Univariate Analysis of Variance for Total Number of Correct
Responses on Task 1 Using Two~Dimensional Geometric Forms

Source df F Probability
Age {A) 1,80 123.31 <.0001%*
Sex (S) 1,80 1.70 <, 1967
Treatment (T) v 4,80 6.37 <. 0002*
AXxS 1,80 .99 <.3225
axT 4,80 3.50 <. 0110
SxT 4,80 3.38 <. 0132
AxSxT 4,80 1.24 <. 3006

*p < ,001
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spection and unrelated play activity (5.18). HNone of the pairwise

differences between treatment conditions were significant.

There was no significant effect due to sex, although girls (6.00)
scored somewhat higher than boys (5.66). No significant interactions

occurred. Marginal results were obtained, however, in the age x treatment

interaction and in the sex x treatment interaction. In examining the
means in Table 13, there was some tendency for the 3-year-olds to perform
better with manual kinds of activity while 5-year-olds seemed to perform
better with verbal orienting instruction. This finding is consistent with
the CLD model which states that as children become older they depend in-
creasingly on verbal functions as a means of acquiring concepts at different
levels.

As for the sex x treatment interaction, girls seemed to perform

better in Conditions 1 and 2 while boys seemed to perform better in

Conditions 3, 4, and 5.

Identity Task (Task II)
In this task, Ss were asked to respond to particular concept

instances of equilateral triangle in an orientation that was different

from the initial display. Two-dimensional drawings of geometric forms
represented.the stimuli for this task. Table 16 presents the mean
number of correct responses for the various conditions on the identity
task. The number of correct responses for individual Ss is tabled in
Appendix C.
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Table 15

Past Hoc Comparisons Among Treatment Means in Task I
Using Two-Dimensional Geometric Forms

Group
1 2 3 4 5
(Tukey HSD = 3.17) Mean
4.95 6.40 6.35 6.35 5.10
Group Mean

1 4,95 —_— 1.45 1.40 1.40 .15
2 6.40 —_— -.05 -.05 -1.30
3 6.35 —_— .00 ~1.25
4 6.35 _ -_— -1.25
5 5.10 _—

(Schwffé s = .75)

Groups 1 + 5 (5.18) vs. Groups 2 + 3 + 4 (6.53) = 1.35"

*p < ,001
Figure 13 illustrates the mean scores according to age and according to
sex for each of the treatment conditions.

Results of‘the univariate analysis of variance in Table 17 indicate
significant effects due to age and treatment. One again 5-year-olds
(7.10) are shown to perforin better than 3-year-olds (4.48).

Post hoc comparisons among treatment means in Table 18 also indicate
that Conditions 2, 3, and 4 (6.48) are significantly better than Conditions
1 and 5 (5.08) on the identity task. Pairwise differences between treat-
ment means were not significant, but inspection of Table 16 shows that the
mean number of correct responses is highest in the visual + manipulation +
verbal condition (6.90) and lowest in the control group (4.70).

Girls (6.04) again performed better than boys (5.54) although

these differences were not found to be signifiéant. Interactions
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Table 17

Univariate Analysis cf Variance for Total Number of Correct
Responses on Task 1T Using Two-Dimensional Geometric Forms

Source df ' F Probability
Age (A) 1,80 ' 73.97 <.6001*
Sex (S) : 1,80 2.70 <.1047
Treatment (T) 4,80 8.67 <.0001%*
Ax S 1,80 2.28 <.1350
AxT 4,80 2.59 <,0428
Sx T 4,80 1.92 <.1155
AxSxT 4,80 1.68 <.1636

*p < ,001

Table 18

Post Hoc Comparisons Among Treatment Means in Task II
Using Two-Dimensional Geometric Forms

Group
1 2 3 4 5
(Tukey HSD = 2.72) Mean
4.80 6.00 6.55 6.90 4.70
Group Mean

1 4,80 —_— 1.20 1.75 2,10 -.10
2 6.00 — .55 .90 -1.30
3 6.55 _— .35 -1.85
4 6.90 — -2.20
5 4

.70 —

(Scheffé s = 1.20)

*
Groups 1 + 5 (5.08) vs. Groups 2 + 3 + 4 (6.48) = 1.40

'EMC *p < ,001
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were also not significant; however, a marginal result was obtained

in the age x treatment interaction. Three-year-olds seemed to be
better as a result of manual activity and the combination of manual
activity and verbal orienting instruction. Five—yéar—olds appeared

to do better as a result of verbal orienting instruction and the com-
bination of manual activity and verbal orienting instruction. This

is an important finaing with respect to the CLD model which states
that with increasing age verbal functions are increasingly relied upon

as a means of attaining concepts.

Classificatory Task (Task III)

As noted in the "Method" chapter, the classificatory level task
consisted of five sorts. On 8orts 1-3, Ss were required to pick out
geometric forms which were similar in shape to the concept example;
Sort 4 required a selection on the basis of same shape and same color;

Sort 5 required 2 selection on the basis of same shape and same size.

The task consgisted of line drawn geometric figures and scores were
assigned on the basis of correct sorts. Table 19 shows the mean number
of correct responses for each age x sex X treatment condition. The

response data for individual Ss appear in Appendix C.

Figure 14 illustrates the mean scores according to age and according to

sex for each of the treatment conditions.
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The results of the analysis of variance as shown in Table 20
revealed significant differences due to age and treatment. Five-year-old
Ss {2.76) gave a significantly larger number of correct responses on
the classificatory task than 3-year-olds (.96). Conditions 2, 3, and

4 (2.20) were significantly more effective than Conditions 1 and 5 (.73).

Table 20

Univariate Analysis of Variance for Total Number of Correct
Responses on Task III Using Two-dimensional Geometric Forms

Source df F Probability
Age (A) 1,80 36,74 <.0001*
Sax (S) 1,80 1.05 <.3081
Treatment (T) 4,80 11.64 <.0001%*
Ax S 1,80 1.05 <.3081
Ax T 4,80 2.11 <.0874
Sx T 4,80 2.12 <.0863
Ax Sx 1 4,80 A7 <,7611

*p < ,001

Post hoc comparisons in Table 21 also revealed a significant
pairwise difference between Condition 4 and Condition 5. Condition
4 (2.35) was significantly more facilitating on the classificatory
task than Condition 5 (.60). In general, the visual + manipulation
+ verbal was the most potent condition for classificatory training, the

control and the visual only were the least potent.
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Table 21

Post Hoc Comparisons Among Treatment Means in Task III
Using Two-Dimensional Geometric Forms

Group.
1 2 3 4 5
(Tukey HSD = 1.61) Mean
v .85 2,10 2,15 2.35 .60
Group Mean
1 .85 —_— 1.25 1.30 1.53 - .25
2 2.10 .05 .25 -1.50
3 2.15 — .20 -1.55,
4 2.35 — -1.75%
5 .60 S

(Scheffé s = 1.02)

Groups 1+ 5 (.73) vs. Groups 2+ 3 + 4 (2.20) = 1.47°

*p < .00l

No significant differences occurred in the factor of sex although
girls (1.72) generally did better than boys (1.50). 1In addition, none

of the interactions were significant.

Error Analysis
Data collected on the concrete and identity tasks using geometric

blocks were reexamined in order to ascertain what kinds of errors had
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been committed in the various age x treatment conditions. As pointed
out earlier, these two tasks were uniquely constructed in such a manner
that the target block for each trial always differed from each of the
nonexamples on one characteristic, either on the basis of shape,

color, size, or thickness. Therefore it was possible to determine which
dimensions Ss were not attending to when making an incorrect judgment
(i.e., when selecting one of the nonexamples).

The proportion of incorrect responses on the four stimulus di-
mensions is preseated in Table 22 for each age x treatment condition.
In general, the 3-year-old group erred predominantly on the color
dimensions. Thirty-four percent of the incorrect responses made by
3-year-olds were errors of color. Kesides color, 3-year-old Ss in
the visual and control groups erred more frequently on the basis of

shape than on the basis of size or thickness.

However, in the'more effective treatment groups (i.e., Conditions
2, 3, and 4), shape did not seem to present any real difficulty. Subjects
in these treatment rorditions apparently experienced more difficulty with
size and thickness than with shape. Consequently, it would appear that
Ss receiving manipulatory experience and verbal orienting instruction
were better prepared in discriminating shapes at the concrete and identity
ievels, particularly in discriminating equilateral from right isosceles
triangles. Those Ss who were given the visual exploratory condition and
the control condition were less adequately prepared in making these

finer shape discriminations.

O

ERIC

Aruitoxt provided by Eic:



103

Table 22
Proportion of Incorrect Responses on Stimulus
Dimensions by Age and Treatment on the
Concrete and Identity Tasks Using Geometric Blocks

Stimulus Dimension
Shape Color Size Thickness Total

AGE 3 E
Condition 1 .25 .31 .19 .13 .88
Condition 2 .08 .33 .13 .04 .58
Condition 3 .06 .28 .16 .03 .50
Condition 4 .01 .22 .02 .13 .38
Condition 5 .17 48 .13 .13 .90

AGE 5
Condition 1 14 .08 .08 .13 .41
Condition 2 .05 .11 .00 .03 .19
Condition 3 .08 .11 .00 04 .23
Condition 4 .04 .06 .01 .05 .16
Conditicn 5 .20 .05 .01 .08 .34

Expected Value .29 .29 .14 14 .86




E

O

RIC

104

For the 5-year-olds, the types of error committed varied according
to treatment group. To a greater extent in Condition 5 (control) and
to a somewhat lessei extent in Condition 1 (visual), errors were com~
mitted primarily on the shape dimension, whereas in Conditions 2, 3,
and 4 errors were primarily of the color variety. Once again, mani-
pulatory experience and verbal orienting instruction seem to be more
powerful influences in the discrimination of shape as tested by the

concrete and identity tasks.

Response Latency Data
Table 23 presents the mean reaction times for Ss on the concrete

and identity tasks using geometric blocks. Reaction time was measured

from the moment the second display had appeared on the concrete and
identity trials to the time S responded (i.e., by pointing) to one of the
blocks. Only latency data for the 5-yzar-old Ss are reported in this
table since it wag very difficult to record accurately the RTs for the

3-year-olds.

Inspection of Table 23 shows a number of interesting results.
First, RTs of Ss in treatment Conditions 2, 3, and 4 were longer than
RTs of Ss in conditions 1 and 5. This is of particular interest in
view of the fact that these three conditions were consistently more
facilitating to concept attainment at the concrete, identity, and
classificatory levels. Subjects in Conditions 1 and 5--the least

facilitating of all the conditions--seemed to be making mcre hasty

judgments. The implications of these findings will be explored

in the '"Discussion" chapter.
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Another interesting aspect of these findings concerns the
respective RTs for correct and incorrect responses. In the control
group {(Condition 5), RTs for incorrect responses were shorter than
the RTs for correct responses. Yet the reverse was true in treatment
Conditions 1-4. In these groups RTs for incorrect responses were longer
than the RTs for correct responses.

In general, Ss in Condition 4 (visual + manipulation + verbal)
took the longest time in responding to concrete and identity test
items. In turn, Ss in Condition 3 took longer than Ss in Condition 2,

followed by those in Condition 1 and Condition 5. Reaction times were

analyzed in a one-way analysis of variance with RT for treatment condition
included as the single variate. The results, however, were not signi-
ficant, F(4, 84) = 3.60, p < .10. Negative results were partly due to

having a disproportionate number of observations for each treatment group.
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Chapter V
DISCUSSION
Conclusions
The purpose of the present study was tu investigate the relative
effects of certain forms and combinations of sensory-motor training
and verbal orienting instruction on early concept aecquisition. Three
general questions were raised at the outset of the experiment:

1. What are the effects of various combinations of visual
inspection, sensory-motor training, and verbal orienting
instruction on children's concept attainment at each of
three levels--concrete, identity, and classificatory?

2. How are the various combinations of visual inspection,
sensory-motor training, and verbal orienting instruction
in concept attainment related to age?

3. How are the various combinations of visual inspection,
sensory-motor training, and verbal orienting instruction
in concept attainment related to sex?

With regard to the questions that have been raised, the following

conclusions can he drawn:

1. Sensory-motor training and verbal orienting instruction were
facilitating to the attainment of the comncept of equilateral
triangle at the concrete, identity, and classificatory levels.
Facilitating effects were found on all three concept tasks

employed in this study, both in terms of the training materials
107
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~(i.e., geometric blocks) which were used to assess near transfer

at these levels and in terms of the two-dimensional geometric
representations which were used to assess far transfer. Con-
ditions 2, 3, and 4 were significantly more facilitating than
Conditions 1 and 5. Post hoc analyses revealed significant
pairwise differences only on the classificatory tasks. In the
measure of near transfer, Condition 2 had a significantly larger
mean than Condition 5. The means in each of Conditions 2 and 4
were significantly larger than Conditien 5. In the measure of
far transfer, Condition 4 had a significantly larger mean than
Condition 5. Examination of the mean values would indicate that
Condition 4 (visual + manipulation + verbal) was generally the
most effective treatment. Condition 2 (visual + verbal) was
generally the second most effective treatment except on the
concrete task measuring near transfer and on the identity task
measuring far transfer. On these two tasks Condition 3 showed

a larger number of correct responses. Aside from these cwo
tasks, Condition 3 (visual + manipulation) was generally the
third most powerful treatment. Of the least faciiitating condi-
tions, there seemed to be a trade off between the visual and the
control. On the concrete and classificatory tasks measuring
near transfer and on the identity task measuring far transfer,
the visual was a somewhat better condition. However, on the
identity task measuring near transfer and on the concrete and
classificatory tasks measuring far transfer, the control group

seemed to be perfoxming better than the visual.
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2. Age was found to be a significant factor on each of the concept
assessment tasks. Five-year-old Ss gave a significantly larger
number of correct responses than 3~year-old Ss for each treat-

ment condition. No significant interactions occurred between

age and treatment at the .00l level. However, marginal

results were obtained on the concrete task utilizing two-

dimensional geometric forms (p < .0l) and on both identity

tasks utilizing geometric blocks (R.< .01) and two-dimensional

forms (p < .04). Three-year-old Ss seemed to perform better

as a result of manual exploratory activity (Condition 3)

or a combination of manual activity and verbal orienting

instruction (Condition 4); five-year-old Ss seemed to perform

better as a result of verbal orienting instruction (Condition 2).
3. There was no significant main effect of sex. However, on all

of the dependent measures that were taken girls had a relatively

higher mean number of correct responses than boys. A marginal

effect in the sex x treatment interaction (p < .0l) did occur

on the concrete task using two-dimensional geometric repre-

sentations. On this particular task boys appeared to do bett.r

than girls in Conditions 3, 4, and 5; girls appeared to do becter

than bcys in Conditions 1 and 2.

Theoretical Implications
On the theoretical side, three important things have been demon-
strated in the present investigation: (1) manual exploratory activity
in the form of free haptic piay and tactile-kinesthetic training can

combine successfully with visual exploratory behavior in facilitating
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levels of concept attainment in young children; (2) Qerbal orienting
instruction is facilitating to each of these levels of concept attain-
ment and is particularly effective when combined with visual and
manipulative experience; (3) younger children (3-years) depend more

on manual exploratory activity than older children, while older children
(5-years) depend more on verbal orienting instruction than younger
children.

The first point is consistent with Soviet findings (Yendovitskaya,
et. al., 1971; Zaporozhets, 1958, 1965) which support the notion that
manual activity is important to the development of visual perception of
form. It is also in contradiction with the results obtained in recent
experiments by Butter and Zung (1970), DeLeon, Raskin, and Gruen (1970),
and Millar (1971), which show the visual to be equivalent to the visual
and haptic (or tactile).

Why the contradiction in findings? The reason for the dis-
crepancy appears to be related partly to methodology. The nature
of sensory-motor training is a critical factor. In many of the studies
reporting negative results, the accounts of training are usually found
to be very sketchy. Details are often ignored about how the E interacted
with the S and how, specifically manipulative exercises were performed.
The only conclusion one is forced to draw ié that the manual activity
employed in these studies was not well planned and consequently not
very involved. In contrast, the present study prescribed very specific
tactile-kinesthetic sequences to be performed with the intent of famil-
iarizing Ss to all relevant physical characteristics of the training
stimuli. The impact of sensory—mﬁtor training in the present study was

reflected even beyond the scope of thedependent measures being taken.

.
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Subjects assigned to Condition 3 were often observed to imitate the

tactile-kinesthetic sequences they received in training by repeating

some of these same sequences on the assessment tasks, for examples by

constructing imaginary lines with their fingers to represent an equilateral

triangle. The form of manual activity used in the present study is more

closely associated to the "practical exercises' emphasized by Soviet

researchers (see Yendovitskaya, et. al., 1971) and Montessori (1964).
Another plausible explanation for contradictory findings may be

related to the tasks used to assess the effects of training. The

present study represents one of the few attempts at examining the role

of sensory-motor activity in the context of children's concept learrning

and development. The concept tasks which were administered, particularly

at the concrete and identity levels, required very fine types of dis-

crimination between target and nonexamples. On the concrete tasks, the
target was always varied firom eaclk nonexample according to one character-
istic--on the basis of some value of either shape (equilateral triangle,
right isosceles triangle, square), color (blue, red, yellow), size (large,
small), or thickness (thick, thin). The identity task required not only
careful discrimination but also an identification of the target (i.e.,
positive instance of the concept) in a different perspective or skewed
orientation. 1In the second stimulus display the target was displaced

in distance, rotated 180°, placed upright on its base, and placed upright
with only a side being visible. Thus, when the treatment consisted of
visuaily inspecting the training stimuli alone as in Condition 1, Ss
seemed unprepared in making the later discriminations and identifications
required on the concrete and identity trials, even when the amount of

time had been equalized for the various treatment conditions.
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One of the more surprising results of the present investigation
was that manual activity even benefited concept attainment for the
5-year-olds. As it was hypothesized earlier, manual activity was
expected to be facilitating only for the 3-year-olds. In view of the
level of difficulty underlying the concrete and identity tasks and in
view of the complexity of stimuli being employed, it may have been the
case that even some of the 5-year-old Ss had to depend on manipulative
experience as a means of gaining some sense of familiarity with the
stimuli.

The second most important discovery of this study, already
mentioned above, concerns the role of verbal orienting instruction.

In general, the combining of verbal instruction with manipulation and
visual activity represented the most effective treatment for the three
levels of 'concept attainment. Similar results have been obtaine.d by
Luria (1961) in an object form recognition task with 3- and 4=year-old
Ss (see p. 27). The influence of verbal orienting instruction in
Condition 4 (as well as in Condition 2) was especially apparent at the
classificatory level, perhaps because Ss had a better understanding of
the word ''shape' as a result of traiﬁing. This finding is in accord
with the CLD model as stated by Klausmeier, Ghatala, and Frayer (in press),
which holds that as a child attains successively higher levels of the
same concept he depends increasingly on verbal functions. Facilitation
by means of verbal instruction, however, cannot be so easily reconciled
with the cognitive developmental views of Piaget, who has always argued
that language plays a limited role in the formation of the child's

thought. Piaget feels that intellectual development is derived from
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action and is primarily non-verbal. And yet, while Piaget de-emphasizes
the regulatory role of language, one must carefully distinguish between
the Piagetian approach to the study of intellectual development, which
concentrates primarily on the operative aspect of thought (i.e., logico-
mathematical knowledge-~the internalization of cognitive strategies),
and other approaches. Concept learning and development, as viewed by
Klausmeier, et al. (in press), is substantially the study of how the
child comes to acquire knowledge of his world and how this knowledge is
organized. The CLD approach to the study of intellectual development
is thus very different from the logico-mathematical model of Piaget.
By bearing this distinction in mind, it may be that concept formation is
more amenable to language influence while the evolution of cognitive
structures in Piaget's system is not.

Thirdly, one of the most interesting results of the entire study
from the standpoint of the CLD model was the interaction between age
and treatment. Age x treatment interactiomns occurred on the concrete
Jevel task used in measuring far transfer (two-dimensional geometric
forms) and on the two identity level tasks used in measuring near and
far transfer (geometric blocks and two-dimensional geometric forms).
As it was pointed out previously, 3-year-old Ss had a greater tenden:v
to depend on manual exploratory activity than 5-year-old Ss, who in
turn had a greater tendency to depend on verbal orienting instruction.
This finding is of particular significance to the CLD model since
Klausmeier, et al. (in press) have stated that with increasing age
children begin using language as a vehicle for acquiring concepts.
This finding is also consistent with Soviet psychologists and, in

particular, the two signaling system hypothesis which holds that the
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language mechanism or verbal functions gradually supplant sensory-
motor functions with increasing age.

Although the age x treatment interactions were marginally
significant, it is quite plausible that this result would have been
more clearly defined if Ss were stratified differently according to
age. If stratification was carried out with 3- and 7-year-olds, for
example, the differential effects of Conditions 2 and 3 and of Conditions
2 and 4 would have been more revealing. These relationships might be
further explored in a future study.

Lastly, it is important to note the extent of generalizability
of training in the present study. Recall that Ss were assessed for
transfer of training at two levels: (1) near transfer in the test
of concept attainment using training materials as test stimuli, and (2) far
transfer in the test of concept attainment using two-dimensional
geometric representations. Training was transferable to both of these
levels. The success of far transfer in case (2) has particular theo-
retical significance in this study since it clearly demonstrates that
training with physical objects can influence subsequent performance
with the use of representational material (i.e., two-dimensional
drawings). To the best of the author's knowledge there have been no

previous findings reported of this kind.

Educational Implications
While the present experiment yielded many interesting results,
it is important to determine the effects of intervention from the
standpoint of the young child. Clearly, sensory-motor training and
verbal orienting instruction facilitated the child's level of concept
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attainment of equilateral triangle at the concrete, identity, and

classificatory levels. For example, on the classificatory task using
geometric blocks, 67% of the 3-year-old Ss were able to classify
equilateral triangles correctly on at least one trial given the benefit
of this training, whereas only 5% of the 3-year-old Ss (or 1 child) in
the visual and control conditions were able to duplicate this feat.
Ninety percent of the 5-year-old Ss who were administered some form

or combination of sensory-motor training and verbal orienting instru-
tion were able to classify at least one trial correctly, while only

30% of the 5-year-old Ss cculd do this in the wvisual or control groups.
Of practical significance to early childhood education, it is noteworthy
to find that 3-year-old children can understand verbal instruction and
can derive actual benefits from it.

The effects of intervention are particularly evident from the data
in Table 23 which were obtained from the concrete and ideﬁtity tasks.
Reaction times for Ss in the sensory-motor and verbal conditioms
(Conditions 2, 3, and 4) were considerably longer than RTs for Ss in
either the visual (Condition 1) or the control (Condition 5) groups.

On the basis of this data it seems reascnable to conclude that Ss who
who were given the benefit of either sensory-motor traihing or verbcl
orienting instruction or a combination of the two were inhibited :n
making impulsive responses. This is not true, of course, for the
visual and control groups where RTs were longer. Interpreted ancther
way, it seems that by supplementing visual activity the effect was to
help guide and maintain the child's visual attention toward relevant

characteristics of the stimuli.
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Summary
The purpose of this study was to ascertain the effects of various
forms and combinations of sensory-motor training and verbal corienting
instruction in early concept acquisition. The concept identified was

that of equilateral triangle. One hundred children of 3~ and 5-years

of age were assessed for their knowledge of the concept at the concrete,
identity, and classificatory levels. Each of these subjects were given
preliminary training in cue of the following groups:
{1) wvisual inspection
(2) wvisual inspection + verbal orienting instruction
(3) wvisual inspgction + free haptic activity + tactile-
kinesthetic training
(4) wvisual inspection + free haptic activity + tactile-
kinesthetic training + verbal orienting instruction
(5) wunrelated play activity (control)
Subjects in Conditions l-4 were trained with 36 geometric blocks

varying in shape, color, size, and thickness. These materials re~

rresented examples and nonexamples of the concept of equilateral triangle.
Subjects in Condition 5 were given pictures and crayons. The experimental
design was a 2 x 2 x 5 factorial with age (three or five), sex (boy or
girl), and treatment (Conditions 1, 2, 3, 4, or 5) included as factors.
The dependent measures consisted of tasks based on previous studies by
Frayer, Klausmeier, and Nelson (1973) and Klausmeier, Sipple, and Frayer
(in press), which were used to assess attainment of the concept of

equilateral triangle at the concrete, identity, and classificatory levels.

The tasks were administered in two parts for assessing: (1) near transfer

of training using the training materials as test stimuli, and (2) far
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transfer of training using two-dimensional representations of geometric
forms. Each task was scored according to the total number of correct
responses.

The results indicted that the mean number of correct responses
on each of the concept tasks was significantly higher in Conditions
2, 3, and 4 than in Conditions 1 and 5. The combination of manual
activity and verbal orienting instruction with visual exploratory
behavior (Condition 4) was relatively more facilitating than any of
the other four treatment groups. Five-year-old Ss had a higher mean
number of cerrect responses than 3-~year-old Ss. Marginal results were
obtained in the age x treatment interaction for the concrete and identity
tasks. Three-year-olds appeared to do relatively better than the
S5-year-olds as a result of manual exploratory kinds of activity, while
5-year-olds appeared to do relatively better than the 3~-year-olds as

a result of verbal orienting instruction.



Appendix A

Assessment Battery Concept Development I:

Equilateral Triangle

(Two-Dimensional Geometric Forms)
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Name Birthdate
Last First Middle Month Day Year

School Grade Today's Date

Concept Development IA

Klausmeier, H. J., Ingison, L. J., Sipple, T. S., and Katzenmeyer, C. G.
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COLOR KEY
Blue = B
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Appendix B
Response Data for Concrete, Identity, and

Classificatory Tasks Using Geometric Blocks
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Appendix C
Response Data for Concrete, Identity, and

Classificatory Tasks Using Two-Dimensional Geometric Forms
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